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EXPERIMENTAL NOTES ON THE INFLUENCE OE THE 
ADRENALS OYER THE PANCREAS 


RALPH PEMBERTON, M D axd J E SWEET, M D 
PKIEMlUmilX 

In a senes of previous contributions, we liave dealt at some length 
with certain relations between tlie panci eas and other organs of the bodi 
particularly the ductless glands Onr experimental work eoveied a period 
of about five 3 ears., and it mat be well, better to understand our piesent 
lemarks, to repeat the mam conclusions reached Eor onr piesent pui- 
poses they are as follows 

1 The how of juice fiotn the panci eas, whether excited by secretin injected 
intravenously t,y nLl placed m the duodenum, oi by normal cliyme, may be 
inhibited U the intravenous injection of extracts of the pituitarv 01 adienal 

ghUiUS 

2 This inhibition may last some time after the body as a whole seems to bar e 
recovered from the rise m blood-pressure and is independent of sistemie blood- 
pi ensure Tlie exact modus operandi is not clear 

Removal of the adrenal glands from otheiwise noimal dogs under circum- 
stances which allow of obsenation of the flow of pancreatic juice, induces sooner 

m later a flow from the pancreas u Inch persists until death, and sometimes la Ms 
for hours 

4 This flow has been equalled in duration and activity by only the Processes 
natural or experimental, uhich depend on activation by duodenal secretin 

5 It may occur with a fairly high systemic blood-pressure though it generally 

occurs when the systemic blood-pressuie is low * J 

In piocess of extending onr observations and of attempting a solution 
of some of the many related problem = we came across some phenomena 
which m a rather striking wav tend to corroborate onr earlier work and 

** T; P0 U 01 aaudn ‘ We are "P«tag them 
now, in bnef form became of interruptions which aeWd further 
consecutive work * L 

Having established to om satisfaction that the removal of the adieu ah 

om dogs induces a flow from the pancreas rt remained to be seen “ at 

° n mQh a ^ ° £ the ^ 


^t r E Mta»tr c ^ n -t * Cluneal 
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If the flow fiom the pancieas is induced b} the removal of an influ- 
ence which the adrenals normally exeit o\ei that gland the flow should 
cease when that influence is restored 

We tried to adduce evidence on this lattei point In dncct examination 
of the blood for epinephrin by mean* of the Melfrer-Ehimann fiotr-e\c 
test b} transfusion of the hind legs of the frog (Trendelenbuig) and b\ 
the use of the unstnped muscle of the intestine (Cannon) but without 
satisfaction fiom any of these methods 

This faihue we do not mean to limit to the examination of fne =enun 
of animals depmed of then adienals, we hate not been able, m main 
attempts to obtain sati^factoij lesults with anj method foi the quanti- 
tative deteinunation of epinephim m dogs’ seium 

The fiog-exe test of Ehrmann and Meltzei, the transfusion test of 
Trendelenbuig, the colorimetiie methods such as that of Comesaiii, tlm 
intestinal ship of Cannon all work v r ell when epmephrm is being tested 
m dilution, m sodium chlond 01 m Jhngei’s solution But when the 
seium of the dog is being studied the iesulfc of control expenments seem 
to become lriegulai and unreliable 


EXPERIMENTS 

We expenmentcd then, with a senes of *e\enteen dogs a« follow - 

The animals weie all fasted for 3G horns puor to operation to avoid compli 
eating results from digestive activities, and after anesthetization with ether, the 
adienals weie removed through the abdomen and a graduated gla«s cannula v\ ti- 
mber ted into the pancreatic duct according to the technic descnbed in our eniliei 
ai t’cles 1 

The abdominal wound was then dosed, a cannula mtioduced into the tiuchea 
to registei respiration, and connection established between the carotid aiterv and 
a mercury manometer 

The respiration and blood pi essure were then respectively legistcied bv ink 
pens at difTeient levels on a- kv niograpluon drum supplied with an "endless’ 1 oil 
of paper 

The time was nmikcd m seconds on a base line and the (low of pancieatic juice, 
when it occuired, bv noting its passage past divisions on the pancieatic cannula 
and bv eleetricallv legistenng the same bv interiuptions in another base line 

After establishing the above tlicie ensued v wait of some hours pending a 
(low of pancreatic juice aftei a vanable penod tins took place u«unlh with 
increasing rnpiditv until, larch its legisiiation became difhcult 

1 Sweet .T E and Pemberton, Ralph Experimental Observations on Secretin 
with Especial Reference to Diabetes and Malnutution Tin Aicmvts I at A T r r> , 
lebruarv mos 

Pemberton Ralph and Sweet T T The Inhibition of P.ancri ttic Activitv bv 
Extract- oi ^upra renal and Pittutniv Eodies Tm ARCiuvfS Jxt .Mid, Tull 
F'OS 

Pemberton Ralph and Sweet <T I' Further Studies on tin Tn "nonce of the 
Dm tie - Olnid- on the Paiioron- Till At curvrs Ixr Mm Mix, 1010 

■-wist T E , and Pemberton Rilpli The Induction of Patiere it r 'ctnitv bv 
the Rimonl of the \drt nls inr Vrrmus Ixr Aim Novernlar un 1 !)*« mb r 

mio 
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Coincidentally there would exist a lowering of the blood-pressure, which 
was usually somewhat disturbed by the initial operation, but theu leturned to 
a fairly constant level, slightly lower than befoie operation "From here there 
would slioitly ensue, imperceptibly at first, a steady decline of its height until 
death We have discussed this m gi eater detail elsewlieie 1 

Some period was then selected when the panel eatic flow seemed definitely estab- 
lished and an intravenous injection was given of some commercial form of 
epmephrm 

Coincident with the initial use of blood-pi essui e would appeal a maiked slow- 
ing, and, after a few' seconds, an appaient cessation, of the pancreatic flow With 
orshortly after the return of the blood-pi essui e to neaily or quite its foimer level, 
the pancreatic flow' would again appear, at fiist slowly and then fastei until the 
former rate became equaled 01 surpassed 

A repetition of the injection of epmephrm would produce identical lesults, 
the flow of panci eatic juice ceasing and letuinmg each time This could be 
lepeated almost indefinitely and m some of our animals was obtained nine con- 
secutive times, the animal m such case being then deliberately lulled 

We have m this flow a partial analogue to the condition which some- 
times takes place just befoie death m a normal dog, whose pancieatic 
flow' is similaily watched In such a dog, there not infrequently occurs 
what we have elsewhere recorded as a terminal flow, consisting of one 01 
two cannulas (1 to 2 c c ) of juice We have previously called attention 
to the points of similarity between the noimal dog aftei a period of 
ten to fifteen hours 7 consecutive etherization, and the dog without adrenals 
after a period of only three or four hours of anesthesia The asthenic 
slate, low blood-piessure and tendency to a pancreatic flow m the formei 
aie possibly expressions of the same want of snpraienal secretion which 
possibly exists m the latter 

The entire consonance of the inhibition of pancreatic flow' w'lth the 
injections of adrenalin and use of blood-pi essui e on the one hand and 
the return of the pancreatic flow with a fall of blood-pi essui e on the other, 
is strikingly significant And if it be borne m mind that the pancreatic 
flow exists apparently only because of the ablation of the adienals, there 
seems to be found a stiong argument for correlation of action between 
the two glands 

It does not follow of conise that the rise and fall of blood-pressure 
occur ling aftei the injection of epmephrm are m themselves causative, 
respectively, of the inhibition and return of pancreatic flow They tend 
only to corroborate the belief that the amount of available epmephrm is 
then diminished or absent, and the action of the injected epmephim on 

the pancieas may he by means othei than vasoconstrictor, as some of the 
evidence indicates 

Summing up the situation, then, it seems possible that the flow of 
pancreatic juice which follows the removal of the adienals, occurs coinci- 
dentally with a diminution oi absence of the blood-pressure-raismg or 
otbei principle of the=e glands 
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There seems, furthermore, to exist under these encumstances such 
a determined and definite flow of paneieatic juice, that repeated injection 
of epmephrm is not sufficient to stop it permanently 

One fact winch militates against tins as a function of normal physi- 
ology, is that the flow sometimes occurs late m the life of the animal and 
m some experiments the flow seems to usher m the end In such cases 
the animals can be kept alive, however, for long periods, during which 
pancreatic flow tends to occur, by repeated injections of epmephim , aftei 
each of which the blood-pressure, previously at a moribund level, is laised 
to a height compatible with life 

It may be argued that the conditions of such a flow aie beyond the 
pale of normal physiological activity, but it must be borne m mind that 
the flow begins mildly and often or generally when the animal is appar- 
ently m excellent condition Therefore, while we do not assert that the 
adrenals thus conti ol the panel eas under the usual conditions of life such 
a possibility cannot be oreilooked much less denied m Mew of this demoli- 
sh able, experimental influence 

CONCLUSIONS 

(On the basis of oui pievious ivoil ) 

Intravenous injections of epmephim inhibit the flow of pancreatic 
juice, whether this be caused by hydrochloric acid, noimal chyme 01 
secretin 

This inhibition may last some time aftei the blood-piessuie has appar- 
ently returned to normal, and is independent of the systemic blood- 
pressure 

Eemoval of the adienal glands from dogs otherwuse noimal induces 
a flow of pancreatic juice which may last for houis 

It may occui with a fanly lngli systemic blood-piessure though it 
generally oceuis when the blood-piessuie is lou r 

(On the basis of the toot l now icpoilcd) 

1 Injections of epmephim made when the flow, following iemo\al of 
the adrenals is at its height inhibit the flow 

2 Shoitly after or befoie the blood-pi essuie falls to its preuous level 
the pancreatic flow i etui ns It can thus be repeatedly inhibited nncl it 
then repeatedly i etui ns The tendenci to flow seems very stiong 

3 Since remoimg the adrenals induces a flow and since injections of 
epmephrm then inhibit the flow and since the flow returns when the 
effect of the injection wear= off (which last can be repeatedh demon- 
«li°ted in one animal) it is difficult to escape the thought that there i- 
norm ’lh c ome M’ch relation between the-e elands 
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SYNOPSES OF EXPERIMENTS 

Experiment 1— Jan 10, 1911 Both adrenals out, blood-pi essuie gets low, 
two hours latei 2 e e old epmephrm 2 * laises it, better condition, 1 5 c e epmeplirm 
given, 2 ce epmephrm, moribund, no result 12 45 p in no flow 

Experiment 2 — Jan 10, 1911 Adienals out, no flow, eaily death, no result 

Experiment 8 — Jan 11, 1911 No 1 Both adienals out, early death, no 
evident cause, spleen veiy large 

Experiment ) — Jan 11, 1911 No 2 Both adienals out, no lesult, eaily 
death 

Experiment 5 — Jan 12, 1911 Adienals out, adienals not bioken oi squeezed 
No flow for a long time at start, flow 7 , 0 5 c c epmephrm gives inhibition, return 
of flow and blood-pi essure Dog gets low 7 with flow (terminal) , 1 cc epmephrm 
laises blood-pi essuie (which falls fanly soon) Flow 7 inhibits but does not leturn 
w r ell again 

Experiment 6 — Jan 28, 1911 Both adrenals out bv 9 47, removed 
easily About 2 15 good flow Latei 0 25 ec epmepluin inhibits, blood-pi essuie 
falls soon, no leturn for ten minutes, then good flow 7 0 166 cc epmephrm 
inhibits, clot, flow soon returns, 1 c c of 1/1,000,000 inhibits, and clots cannula, 
no use m blood-pi essure, return of flow and death 

Experiment 7 — Jan 30, 1911 Adrenals out, flow 7 good, 0 1 cc epmeplum 
inhibits, blood-pi essuie falls rathei slowly and flow l etui ns toe ll, Ice epmeplum 
inhibits and flow returns after a latliei slow fall, good flow 7 again inhibited by 
0 25 cc epiiieplnm and dog dies 

Experiment S — Feb 1, 1911 Both adienals out at 10 13, flow 7 at 4 p m , 
transfusion of dog’s blood raises blood-pressuie, slightly slows flow , flow 7 returns, 
transfusion then does not raise blood-pressuie much and flow continues, veiy 
good flow 7 follows, 0 1 cc epmeplum raises blood pi essui e moderatehj Flow 7 
continues unabated Blood-pressure falls latliei soon, 0 2 ec epmeplum raises 
blood-pressuie more, falls rather soon, flow slowed, returns well, 0 25 cc 
epmephrm affects blood-pressure same way and slows flow i etui ns, 0 5 cc 
epmephrm laises blood-pressuie well, rather quick fall, distinct inhibition, good 
leturn, 1 ec epmephrm keeps blood-pi essure up fairly well 3% minutes, marked 
inhibition, good leturn, 1 cc epmeplum, sliaip rise, clot, inhibition, good 
leturn of flow 7 , 4 ec epmephrm keeps hlood-pi essuie up 10 minutes, strong 
inhibition, good return, dog being kept alive by epmeplum, now allowed to die, 

G 10 p m , intestine and stomach empty 

Experiment 9 — Feb 3, 1911 Both adrenals out Flow 7 not affected by trans- 
fusion (One adienal broke mam) No definite conclusion to be noted 

Experiment 10 — Feb 7, 1911 Both adienals out at 10 32 a m Not torn, 
flow, transfusion of dog’s blood, rise in blood pressuie, some inhibition, leturns, 
then good flow 7 (Not much blood tiansfused ) 

Experiment 11 — Feb 8, 1911 Adienals taken out No lesult 

Experiment 12 — Feb 9, 1911 Both adrenals out, light adienal tom, flow 
good, in three horns dog gets low, 1 cc epmepluin levives, blood -pi essuie falls 
fast flow soon again, transfusion, slight use, no apparent inhibition, 0 75 cc 
epmephrm inhibits , slight return of flow as dog dies after four hours 

Experiment 13 — Feb 14, 1911 Both adienals out, right adrenal badly torn, 
slight flow — not recorded Tiansfusion seems to stait slight flow 7 , stops, tians- 
fusion seems to stait it more actively again Latei a flow, 0 166 ce epmephrm / 
inhibits with a veiy slight rise, flow returns, cannula comes out, 05 ec epi- 
nephnn gives sharp use and quick fall Killed 


2 The epmepluin used m these evpenments was the adienalm of Paike, Davis 

A Co 
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Expci imcni 1 ) — Feb 17 1911 Botli idienals out at 11 OS a in Neither 
injured Bather pooi flow, inhibition b\ epmephrm, flow returnb, at 3 20 good 
How (cannula leaking before) , 0 25 c c epmephrm inhibits, moderate slow fall of 
blood pressure and return of flow doq low, 0 25 e c epmephrm inhibits, quicker 
dicp flow ictuins soon 0 25 ce epmephrm quick fall, inhibition return of 
flow, 0 25 cc epmephrm, inhibition return of flow, dog dung, 0 25 c c epi 
neplinn inhibition, return of flow 0 25 c c epmephrm, good rise, inhibition, 
return, 0 25 c c epmephrm, clot inhibition letuin of flow, 0 75 c c epmephrm, 
big rise, quick drop, return of flow dog allowed to die, G 30 p m 

Experiment 15 — -March 9, 1911 Adrenals out (right torn) No flow 
Secretin gnen Flow from it llien later a spontaneous flow which lasts some 
time and then subsides starts again tow aid end and gnes seaeral cannulas full 
Xo epmephrm gnen 

Expcument 16 — March 10, 1911 Both adrenals out neithei torn, blood 
taken late for frogejc test Flow Medulla inhibits and loises blood pressuie 
Flow leturns slightlv When dog is monbund 0 5 ee cpinephim and artificial 
respiration bring back life and also flow latei monbund again, 10 cc coite\ 
fails to work, 05 cc epmephrm causes letnrn of life and blood pi cssure which 
falls quickly (Gnen twice quiekla ) no reel flow again (The specimens of 
suprarenal cortex and medulla weic supplied ba Paike, Davis <k Co in the fonn 
of powder ) 

Experiment 17 — March 9 1911 Fed dos nomial pancreatic flow, under 
ether pancreas congested, lacteals white flow litei, hemorrhage into pan 
creatic duct, a ltiates experiment Killed 

Experiment IS — Mnieh 11, 1911 Xo lesult 

2224 Locu«t Street— 301 St Maiks Square 



THE ABSORPTION OP FOOD IN TYPHOID FEVER * 
EUGENE E DU BOIS, M D 

NEW YORK 

Since von Hosshn and tlie Russian mvestigatois made then studies 
on the assimilation of foods m fevei twenty to Unity yeais ago, veiy little 
woik has been done on the sub-ject In the meantime, the methods of 
anal} sis have been nnpioved and the diet m typhoid has m some china 
been me 1 cased so much that patients m the height of then fevei aie given 
moie food than was foimerly given m the second week of convalescence 
The question naturally arises as to whethei the patients aie absoibmg the 
food oi aie passing it undigested Enough the intestines 

At the suggestion of Dr Wanen Coleman who has foi hie \eais been 
using a veiy libeial diet m Ins seiviee at Bellevue Hospital, I undertook 
a study of the question m his w aids Six patients with tvphoid weie 
studied ovei periods lasting fiom five to twenty-one days The} were fed 
the so-called “high calory diet,” which consists of about 1 000 c c milk, 
300-400 cc 20 pei cent cieam, 100-200 gm lactose, two oi thiee eggs, a 
couple ot slices of toast and some butter This furnishes between two 
and thiee thousand calorie* and one oi turn thousand calones mo.e can 
be added m the foim of largei amounts of the above oi m the form of 
boiled rice, oatmeal, mashed potato, cieam of wheat, apple sauce, custard 
oi ice cream This diet has been full} descubed by Shafiei 1 and Cole- 
man, 2 and is the only lecorded diet which has succeeded m maintaining 
the patients m mtiogen and weight equilibrium Clinical expenence has 
shown that patients do well on this diet and it was no suipuse to find 
that they could absorb the enormous amounts of food almost as well as 
noimal individuals 

Trorn the department of applied pliaimacology and the second medical division 
of Bellevue Hospital, New York All analyses neie made m the laboiatoiy of the 
aepaitment of physiology I am indebted to Piofessoi Gialiam Lusk foi the privi- 
lege of working m Ins laboiatoiy and foi manv valuable suggestions dui mg tlie 
eouise of the woik, also to Dr Coleman and Dr Dana foi permission to use 
patients, m then waids, and to Mr Rudolph II Hanies and Mi John M Janson 
foi then assistance m making many of tlie analyses 

^Manuscript submitted for publication Apul 13 1912 

1 Shatfei and Coleman Protein Metabolism m Typin' id Feiei The 
Archives Int Med, 1909 iv, 538 

2 Coleman The High Caloiy Diet m Typhoid Fevei A Study of One Hun 
dred and Eleven Cases Am Jour Med Sc , 1912, evlm, 77 
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FORMAL ABSORPTION 

In the case of normal individuals who are given an easily-digested 
diet, the food is practically all absoibed and the feces consist almost 
entirelj of bacteria and the secietions of the intestinal tract 3) 4 The feces 
of a starving peison can contain fiom 0 1 to 0 3 gm of nitrogen a dav, 
and of a person on a nitrogen fiee diet as much as 0 5 to 0 87 gm of 
nitiogen Seducing bodies and ether-soluble substances are also present 
m the stools when none is given m the food In addition to these 
secretions of the intestinal tiaet, however, considerable amounts of food 



lesidue do appeal in normal peisons who are given coarse or poorly-cooked 
food, or food m unusually large quantities As a lule, sugars are 
complete!} absorbed, and well-cooked starches almost completely Emul- 
sified fats of low-melting point are better absorbed than fats of high- 
meltmg point When fats aie given m amounts greater than 350 gm 
the intestine does not absorb well (It may be noted that one of the 
typhoid patients m this seues was given 327 gm of fat on one day ) In 


3 Lusk The Science of Nutntion Philadelphia 1909, p 45 

4 Mendel and Bine Studies m Nutrition, Jour Biol Cliem , 1912, \i, 5 
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con sideling the absorption of am particulai food, snob as fat foi instance, 
one can get a ialse idea if one considers the peicentage loss alone without 
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^o" ; ’d«.ring both the einin= of fat in the iood and m the fcce= 'tins i= 
0 un m n serif 1 of e\pmmt nts b\ \on Xoordcn" on the same indnidtinl 

I^’irb i'r Titli <!< - Mnfiu/v]/- J\ rlin 1803, [> 
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4 2 gm fat m food — 57 1 per cent loss m feces 

42 2 gm fat m food — 10 9 per cent loss m feces 

80 2 gm fat m food — 6 3G pel cent loss m feces 

It is haul to state the noimal peicentage of loss of the vanons food- 
stuffs Itubnei 0 gives the accompanying table (Table 1) of the aveiages 
of man} of Ins experiments 


Tablf 1 — Pood Absorption, Normal Individuats 



Peicentage Loss 

Food 

' 

Fat 

Carbo- 

hydr’te 

Protein 

Roast beet 

j 

1 

j 

26 

Hard boiled eggs 

44 


26 

Milk j 

52 

0 

7 1 

Fine iilute bread 


1 1 

21 8 

Rice 


09 

20 4 

Potato 


07 

19 5 

Mixed diet with 




Bacon (99 gm fat) 

17 4 

1 6 

12 1 

Bacon (195 gm fat) 

78 

62 

14 0 

Buttei (214 gm fat) 

27 

62 

113 

Butter and bacon (350 gm fat) j 

12 7 

6 S 

i 9 2 


In certain pathological conditions the absorption of food can be 
gieatlv mteifered with Obsti notion to the flow of pancreatic juice or 
bile can diminish the absoiption of fats gieatly In certain cases of 
intestinal indigestion carboh}diates are pooily absorbed Tuberculosis 
oi cancer of the intestine oi any very seveie diarrhea can increase greatly 
the nitrogen content of the feces A moderate diarrhea has but little 
effect on absorption 

PREVIOUS STUDIES OE ABSORPTION IN TYPHOID 
4' on Hosslm/ m 1882, studied most carefully a series of typhoid 
patients fed on various diets, such as ham or milk or eggs, oi the juice 
of pressed meat The total calories of Ins diets were not high and most 
of his patients suffered from diairhea The nitrogen of the food vaned 
between 10 and 21 gm and the feces nitiogen from 0 9 to 2 2 gm oi 
from 7 6 to 13 per cent of the nitrogen ingested With 50 to 135 gm 
of fat m the food the feces contained from 5 to 10 gm or fiom 6 to 10 
pei cent The carbohydrates of the feces were not determined dnecth 
Some of his patients weie put on lery low diets containing 1 to 3 gm fat 
8 to 11 gm carbohydrate and no piotem During these penods of piactical 

G Rubner Giubei and Fickei Hmdb der Hygiene, Leipzig 1911, i 131 
1 \on IlossUn Virchows Aieli f path Anat 1SS2, K\\i\ 95 
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staivalion, the feces contained 0 8 to o gra of ethei extinct a da} and 
fi om 0 4 to 0 S gm of nitrogen Von Ilosslm came to the conclusion that 
fcod= neie absoibed almost as -well m typhoid fevei as in health 

Slioill} after Ins noik was published the Russians of Clmdnow sk} s 
clinic, wheie tjphoid patients were gnen liberal diets, began a senes of 
mvcstigitions on the same subject Most of then woik is published m 
Eussian and has nevei leeened the attention it deserves p Then w r oik on 
the whole suppoits ion Hosslm s contentions The} found the assimila- 
tion of piotem to be almost as good as m health and the} found that 
cold baths, antip} reties, the dnnkmg of watei m large amounts and of 
alcohol in small amounts seemed to increase the peicentage of piotem 
absoibed Laicre enemas of hot watei seemed to decrease the absoiption 
Allan oi s who included m Ins dietaiy 20 gm of blackbemes. found from 
4 to 6 cm of nitiogen a dai m the teccs of his patients Giuzdiev, 8 when 
he gate a ten hbeial diet of milk and bread tilth 30 to 45 gm of 
nitrogen found 4 to 11 gm of nitiogen m the feces The other obseneis 
using moderate and easil} -digested diets obtained onl} 1 to 3 gm nei 
day Chemoft s dialling his conclusions from a small maiont} of his 


S Copies of tlie lnauguial dissertations are deposited in tlio Libran of tlie 
Surgeon Geneial’s Ollice Vimv Medical Museum, Washington Tiles of Viacli are 
kept at the Acndcinv of Medicine, New Yoik and probably at most of the other 
large medical libraries Abstracts going some of the tables can be found in 
Atwater and Langvvoithv Digest of Metabolism Experiments U S Dept of 
Agn , Bull No -Jo, ISO", p 1S1 

It mu«t be remembered that tiansliterations of the same Russian name may 
differ greatlv 

Chemoff (T=chemofT) Tat Absorption of Adults and Children with and 
without Fever Inaug Diss (Russian), St Petersburg, 1S83 

Kurkutoff, \ G (Kuikutovv) On the Question of the Influence of Fever and 
\ntipvrrtic Measures on the Assimilation of Fat bj Tjphoid Patients Inaug 
Di-s (Russian), St Petersburg 1S01 

Sassetrka (Zasiet'ki) Influence of Fever and Antipyretics on the Metabolism 
and Assumption of the Proteins of Milk (Typhus fever studied) Inaug Diss 
(Rti«siin), St Petersburg 1SSJ vlso Virchow’s Arch f path Anat , 18S3, \civ 
3 13 

Khadgi (Chadcln) Tlie Qualitative and Quantitative Assimilation and 
Met tboli=m of Nitiogen in Tv phoid Fever Inaug Diss (Russiai ) St Petersburg, 
18SG (abstracted liv Puritr) See follow ing paragraph 

Punt? Reiehliche Frn ihrung bei Abdominaltvphus Virchows Arch f path 
Anat 1833, c\x\i 327 Al-o Inaug di=s (Russian), St Petersburg 

Mnt-hevich lm Influence of Copious Witcr Drinking on the Assimilation 
and 'Met iboli-m of F-itiogeii in lvphoul Tever Inaug di c « (Russian) ‘■•t Peters 
burg IS n ft 

Grtirdicv (Same t-nhject) Vraeh, 183fl, m, 213 

Gci-h - Intlue”Cf of I annas o.i As-inulation and Metabohsm of Nitiogen in 
Tv pi on! Vraeh l 50 fl xi 5"3 

Alimov On It, Uhl P’tinit- \ ith Ml alir.e Mbumuiates of 1 gg- Inaug 
Di- (Rt> snr) S* Peter-bur-. 

Did onov Irfui ie- <i Mi-nho 1 I p<> 1 Assumption anil Xfr f ibdi-m oi Nitrogen 
i„ 1 j>) nj ]» i- I _• Di-» i!’'«itnl, t -t IVer-burg, is iff 
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cases slates that the assimilation of fat is better during the height of 
typhoid fevei than dm mg convalescence 01 health Kuikutol?, 8 on the 
other hand, found that the absorption of fat at as pooler during fever and 
varied ruth the gravity of the disease 

On reviewing the figures of all these Russian investigators, one 
lceerves the nnpiession that the absorption of food depends chiefly on the 
patient’s geneial condition and as this is impioved eithei by the natural 
coulee of lecoveiv 01 by therapeutic measures, the absorption of food 



Cliait 4 — Temperature cuives, etc, m Case 4, John N 

improves also It maj be noted m passing that the Russians, even when 
using liberal diets with very large amounts of protein, were unable to 
keep their fevei patients m nitrogen equilibnum 

Von Leyden and Klemperer 9 weie the next to stud} 7 the absoiption of 
foods incidental to their unsuccessful attempt to establish nitrogen 
equilibrium m t} plioid They found that patients with high fever when 
given 100 gm of easilj -digested fat lost fiom 6 to 11 per cent m the 

9 Von Leyden and Klempei ci Yon Lej den’s Handb der Einaluuntrstherapie, 
1904, u, 332 ° 1 




184 


incmvns or n terx it, medicine 


fece= ind lost about 9 pei cent of an equal amount of piotem Caibo- 
lndiate" appeared in the feces 011)3 when aei} laige amount'; weie gnen 
in the food oi when the patients suffered fiom piofuse dianhea 

CASES STUDIED 

The si\ t\ plioid cases on whom the piesent woik was done weie 
nn"eleetcd cases fiom the w aid? of the second medical dm'uon (Cornell 
Diwsion) of Belleiue It so happened that none of the patients had 
diarrhea dining the peiiod of investigation, but one is struck In the fact 



flint patient" able to take tlir high oalon diet seldom ha\e diarrhea 
Mam patients who enter the hospital with marked diarrhea begin to hate 
nonn.il "too 1 " after thu ha\e been for a couple of da}" on the diet 
Dunne: the total of *eu>nt\-{wo dn\" studied there weie onh si\ "tools in 
addition to the rc"iilt= of the daih enemas and none of the"c was diar- 
1 he 1 'I he cb.uco.il md camun powdei u"ed to maik off the peiiod" 
appeared in the fr-ves iwenh-four hom= after being swallowed with "tich 
rLf. r ul' i r I t'' that it va= denned «afe m two cases to omit 'the line of 
n<mu 1 ' , hon lehum =nmn of the p, riod- 1 he daih enemas contained 
-o n’-foni c' 1 \rllo" of pracnc^h roimal appearance and odor In 
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no case was there any blood m the stools As routine the patients weie 
cjven no medicine and no tubs, but were sponged for high temperatures 

C 



Of the cases studied, thiee, Chailes K, Michael K and Piank W. 
Ame of ratliei mild tipe three Philip R, John A T and Charles S , uere 
seieie It will be noted that a positne nitrogen balance was obtained m 




ISC IRCniTLS or ixterxil vedicixe 

e\erv case during periods when the temperature was still high One has 
difficulty in stating w hen com alescence begins in such cases As soon as 
the temperature starts to show sharp morning remissions the patients look- 
bright and seem comfortable Thus read the newspapers chat v, ith their 
neighbors, eat their food with relish and rapidly gam weight and nitrogen- 
containing substances Eelapses aie not more frequent on the high diet 
than on low diets and it is only chance that four of these six patients 
had i elapses The cases weie as follows 



Clnrt 7 — Chart of control Cases “D” and “L " 


CASE REPORTS 

Cxsr 1 — Charles N, GO a ears old, admitted Sept 23, 1910, on the ninth 
das of the disease 

Jhstoru — The patient has been nursing three typhoid patients in his family 
During the last four weeks he lias been apathetic and at times diz7s Date of 
onset of feser uncertain probaoU nine dass ago 

Phirneal Examination — Well nourished eldcrh man Right eye blind as a 
result of an old injurs Spleen palpable, several rose «pot3 Ninth to nineteenth 
dn\ of disease Temp 101 103 T , appetite good, takes 3,000 to 4,000 calories a 
(lav no tympanites, mind clcrr Wulal test, negative Nineteenth to tsscnts 
first days, 'Period J Tsvents second to tsscnts -si\th dass feces discarded because 
thes were os erheaied vlien drying Twenty seaentli to thirty foii’Th das s, patient 
improsing steadilv thirty filth das patient has severe pain in the head Three 
days later the pair locnli-ed in the ri"ht eye sshich became much swollen I)iag 
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ncsis panophthalmitis On the forty-first day the eyeball inptmed, discharging pus 
from which the typhoid bacillus was obtained in pure culture By the foity-fifth 
day the eye was much improved and two days latei the temperatuie reached 
normal- The patient made an uninterrupted convalescence 

Case 2— Michael K, 23 years old, admitted Oct 13, 1910, on eighth day of 
disease 

History — One week before admission the patient began to feel feverish and 
chilly and suffer from anorexia 

Physical Examination — Fairly well nounslied young man, apathetic, maiked 
tympanites, rose spots present Eighth to thirteenth days, temperature 101-104 
E Blood-culture shows typhoid bacilli Appetite fan, takes 2,000 to 3,000 calo- 
lies a day No distention Thirteenth day, feces collection started Thirtieth 
day, temperature normal, convalescence rapid 


Table 2 — Metabolism Study ix Charles N , Case 1 


Day of 
Disease 

Calories 

Food, Grams 

Unite N 
-f- Fcccs N 

Balance 

Unne 

Body Weight, 
Kilos 

Total 

to 

« ; 
a; 

! 

^ to 
O to 

f 3 

£ c3 o 
<3 „ a 
J'O — 

Caibohy- 

diates 

Fat 

s 

to 

o 

rH 

£ 

O 

O 

r— < 

o 

> 

Nihogen 

19(f) 

4600 

80 

27 

383 

1 

280 

17 0 





! 


20 

3200 

55 

15 

209 

214 

13 5 

13 1 

+ 04 | 

1130 


12 0 j 


27 

3910 

68 

16 

226 

268 

19 2 

| 


760 


1 i 


28 

4030 

70 

17 

245 

272 

19 3 

13 2 

+ 6 1 

1260 


11 S 


29 

4090 

71 

14 

195 

302 

19 0 

115 

+ 75 

890 


10 1 


30 

3720 

64 

16 

222 

i 253 

17 6 

11 3 

+ 63 

1060 


99 


31 

4040 

70 

20 

279 

261 

18 9 

15 0 

+ 39 

1520 


13 6 

57 7 

32 

4040 

70 

16 

226 

263 

18 7 



1030 




33 

4670 

81 

22 

314 

31i 

19 2 

12 3 

+ 69 

1290 


11 1 


34 

3570 

62 

14 ! 

190 1 

251 i 

18 5 ] 

12 S 

+ 57 

1520 


11 6 

57 7 

35 

4410 

76 

19 

261 

305 

19 5 

14 6 

+ 49 

985 


13 4 


36 

4300 

75 

16 

223 

312 

19 8 

11 8 

+ 80 

820 


10 8 ! 


3 ( 

4520 

78 

19 

266 

312 

20 8 

13 3 

+ 75 

1415 


12 3 


oo 

4480 

78 

17 

233 

327 

18 7 

15 3 

+ 34 

1860 


14 3 


JU 

4060 

71 

16 

227 

284 

19 2 

15 2 

+ 40 

1500 


13 4 

57 5 

40 

4730 

82 

24 

334 

304 

20 8 

14 6 

+ 62 

1485 


12 8 


41 

4420 

77 

18 

247 

311 

201 

12 0 

+ 81 

1200 


10 2 



4470 

78 

18 

250 

315 

20 0 

11 9 

+ 81 

1240 


10 5 


4o 

4170 

72 

18 

253 

274 

22 7 



750 




44 

4490 

78 

17 

245 

314 

219 

10 4 

+ 11 5 

1100 


90 

57 5 


Case 3 Philip R , aged 23, admitted Oct 19, 1910, on the seventh day of 
disease J 

Hist oi y I* oi about three weeks the patient has felt chilly and feverish, head- 
ache severe foui to five watery stools daily, took to bed six days ago 

Physical Examination — Fairly well nourished pale, torpid, looks toxic, pulse 
small and weak, many rose spots, temperatuie 102-105 F 

ng dh to fifteenth days, experimental penod Twelfth day, pulse strongei, 
' r ^ ases of lungs, abdomen not distended Thirteenth day, pulse 

^ * Gr ,’ ien ^ 8 1Ten strychnin, slight distention Seventeenth to twenty-second 
tem Poratiire dropping to normal, patient feels better Twenty-third to 
e ” „ dlVS tem P era ture rising m steps to 105 F , pulse weaker Twenty- 

1 t0 t t!nrtieth da y s > temperature 102-105 F Thirty-first to thirty-fifth days, 
clou 1Cn res,llricd Tlurty-se^enth day, temperatuie normal Convalescence 
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Table 3 — AIituioiism Study in Miciiul K , Casf 2 


! 

Day of 
Disease 



Food Grams 

£ 
fc £ 

O 

o o 

5 ^ I 

5 4- 

Balance 

Urine 

Tc 

o 

£ I 

-s?5 

o 

e 

'total 

tC 

X 

S 

04 

£C _ 

— U 

cs rz ~ 

cr 
o £ 

jz: ^ 

cr 'S 

O >> 

I'at 

= 1 
O 

tC 

o 

y< 

O 

O 

c 

5 

tc 

c 

u 

X, 

S 

if! 

35 

8 

115 

1 134 

0 G 






0 

mwM 

35 

8 

115 ; 

I 134 

0 G 






10 

EH 

45 

10 

133 

17b 

12 2 

13 1 

— 00 

1135 ' 

19 9 


11 

2540 

45 

10 

133 

17G 

12 2 

10 1 

— GO 

845 

17 0 1 


12 

2370 

42 

11 

151 

154 

11 3 



Lost 



13 

2G70 

48 

13 

177 

17G 

12 2 

10 8 

— 7 G 


IS G 


14 

3340 

GO 

17 

230 

215 

15 2 



Lost 



15 

4410 

70 

27 

374 

257 

10 2 

13 4 

+ 3 8 ' 

1710 

1 1 C 

55 0 

1G 

3000 

71 

25 

323 

242 

14 4 

IS 2 

— 3 S 

1820 

1G 4 


IT 

1 

4790 

SG 

31 

427 

257 

20 2 

17 G 

+ 2 G 

1200 




Tai ll 4 — MrxAPor ism Study in* Pinrrp R, Case 3 


• 

Daj of 
Disease 

Caloi les 

Food Grams 

fc s 

o c ! 
£P=t 

D + 

Balance 

Ui me 

■iS 

to 

S 

C> cr 
> O 

r> O 

*»c I — \ 

o 

CZ 

Total 

Sni io ( l 

m 

B~ 

o 2- 

•0*3 j. 

cfl 

Z* 

Cl 

O ~ 

*3 

— 

a 

s J 

Fat 

N itrogen 

Vol , c c 

c 

a 

to 

o 

£ 

8 


44 

9 

123 

1GG 

13 0 



■ 



0 

2380 

48 

11 

14S 

170 

11 S 



■ 



10 

2470 

45 

11 

143 

173 

12 1 

1G 8 

_47 

■ 

1G 1 

54 ! 

11 

2S30 

52 

14 

1SG 

170 

15 S 

17 2 

— 1 4 

■ 

1G 4 


12 

3100 

57 

13 

17S 

215 

15 3 

19 7 

— 4 4 

■ 

ISO 


13 


53 

14 

180 

101 

14 5 

20 8 

— G3 

1210 

20 0 


14 

54 GO 

03 

17 

230 

225 

17 2 

14 0 

+ 23 

8G0 

14 1 


15 


70 

1G 

214 

2GS 

17 0 

14 0 

+ 30 

1340 

14 1 

54 7 

31 

2520 

40 

14 

172 

157 

15 1 

0 7 

+ 5 4 

900 

8 S 

51 8 

32 


50 

17 

21G 

144 

14 2 

13 1 

+ 1 1 

1300 

12 2 


3 i 


5G 

10 

242 

100 

17 G 

13 0 

+ 37 

« 

13 1 


34 

2SS0 

5G 

2G 

310 

135 

14 ? 

0 5 

+ 40 


S 7 


35 

2920 

50 

20 

245 

150 

IS 2 

14 0 

+ 4 2 

* 

13 2 

40 1 


*Urnic \ olinncs unde up to 2000 cc 


C\sr 4 — John X aped 2S, admitted Oct 25 1010 cpiciuh dni of di c ease 
Died December 1 

Ihstorv — Onset m\ daa s apo with heulaohe ‘Since then tlr* patn.nl has hut 
anorevin and diarrhea 

/’/ irttrnl Ernmiiintton — Large frame fairh well nouri^ned face flushed 
abdomen flit slight tondernc-* in left In pothondrnirn ft w row spots were 
found 

Fighth dai blood eiilture show® taphoid lncilli Tenth t c elcienth d ta = 
shell! >tirtni« m lbdomen and slight di-tcntion Fighth to Uiirhenth da\* 
*i’inp rat’ire 101 10 ? T Falorii •> of food 2 r >00 to ’"00 lotirtf'iith to twcnt\ 
frst (hw tt n periti re 100 im n 1 ( alone * 3 i 00 Twt ntr -f eo* d to twi ut\ hftli 

tin- t* n n r iture 102 10'i F Twnt’ s,\th to thirtieth do\- f ruwl nf 
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tion TImty fhsfc to thirty-fourth days, tempeiatuie falling, patient more com- 
foj table Tlurty-fifth day tempeiatuie sliot up to 105 F and a cougli developed, 
during the next few days the left leg developed a boggy edema, the temperature 
remained high, signs of consolidation appeared m the left upper lobe The patient 
became veiy toxic and died on the foui ty -fourth day of his illness 


Case 5 -Cliailcs S (service of Dr C L Dana), aged 21, admitted Aug 5, 
1911, fourth day of disease 

Jhstoi y — Onset tliiee days ago with chilly sensations and headache Since 
then the patient lias felt weak and fevensh 

Table 5 —Metabolism Study in John N , Case 4 


Disease 
Day of 

Caloi ms 

Food Grams 

£ 

ry Itl 
<U 

<1> CD 

6 + 

Balance 

Urine 

Body Weight, 
Kilos 

Total 

Pei Kg 

Carbo- 
hydiates 
(pei kg ) 

W 

o 2 

rO rz? 

s s* 

o 

Fat 

uaSovpN 

r- # 

O 

i> 

Nitrogen 

2G 

3540 

55 

16 

256 

227 



.. 1 

750 

10 0 

« 

27 

4030 

62 

19 


246 

17 4 

15 7 

+ 17 


14 7 


28 

3870 

58 

18 

280 

245 

18 2 


ixa 


171 


29 

3880 

50 

22 

349 

221 

16 9 

16 4 

+ 95 

850 

15 5 


.50 

3870 

58 

1G 

247 

246 

19 6 

18 3 

+ 13 

1000 

17 4 

64 8 


Table G — Metabolism Study in Charles S , Case 5 


Day of 
Disease 

t 

Caloi les 

Food Giams 

<4 CD 

CJ 

o> <v 

5 + 

Balance 

Uune 

Body Weight, 
Kilos 

j Total 

1 

>> — 

jg $•» 

« C. 

rs 

*0 1/3 

! « 5 

1 0-3 

Fat 

Xitiogen 

C? 1 

o | 

* 1 

O 1 

i> 1 

Niti ogen 

22 ! 

2970 

51 

1 25 

i 356 6 I 

1316 

11 1 

11 4 

— 03 

1255 


10 2 


J*> | 

4540 

78 

38 

5418 

186 6 

16 3 

17 5 

— 1 2 

2350 


16 3 

58,2 


5330 

92 

43 

608 1 

215 0 

19 7 

15 7 

+ 40 

1800 


1 14 5 



4240 

73 

33 

463 5 

205 0 

1 16 8 

12 5 

+ 43 

1650 


11 3 



2820 

48 

17 

243 9 

147 2 


23 3 

—12 3 

2155 


22 1 



4450 

77 

33 

465 5 

195 0 

15 4 

14 5 

+ 09 

1110 


13 3 



4050 

m 

31 

446 2 

222 2 

16 3 

20 1 

— 3 8 

1220 


18 9 

58 2 


f hysical Examination ■'Well nounsbed, abdomen flat, spleen palpable, a few 
lose «pots 

1 ourth to twelfth days, tempeiatuie 101-103 F appetite good, not very 
sic - Seventeenth to nineteenth days, tempeiature noimal Twentieth to twenty- 
tlurd days, temperature rising again m steps Twenty-foui th to thirty-eighth 
i ais so\ ci o i elapse with temperatuie 102-104 F On the twenty-fifth day a profuse 
nose bleed oceuned followed by seveial other revere attacks during the next two 
nee s The patient became veiy anemic The temperature fell slowly leaching 
\ noi mal on the sixtieth day Com alesccnce ivas slow 

The lespiratoi v quotients of this patient and of the following case, Frank W, 
ere lm extignted by Dr Coleman and mjself The results will appear shortly 
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Case G — Trank W aged 27 admitted Xov 23 1911 on the tenth day of 
the disease 

History — Xme davs pret icur-lv tlie patient began to have fever headache and 
pains all over the bodv 

Physical Examination — Small frame 5 feet 4 inches tall, well nourished 
prostrated, apathetic spleen palpable a few rose spots found 

Tenth to eleventh days, temperature 103-105 F , appetite poor, diarrhea 
marked Eleventh to thirteenth davs temperature 102 to 105 F , diarrhea has 
ceased, appetite is improving Fourteenth to twenty-eightn davs, period of mves 
tigation Appetite steadilv wiproi ing glucose was found m the urine in amounts 
which increased steadilv until he passed 79 gm on the nineteenth day The 
carbolivdrates of the food were then cut down until the sugar disappeared 
from the urine The temperature fell steadily, reaching normal on the thirtv- 
third day The patient felt strong and was up m a chair when on the forty- 
seventh day from the onset the temperature began to rise and he went through 
a moderatelv severe relapse lastmg fifteen davs On the seventh day of the relapse 
bilateral subconjunctival hemorrhages appeared hut cleared un in a couple of 
weeks Repeated urine tests during his rapid convalescence showed no sugar, 
although he was taking large amounts of carbohydrate 

Controls — D and L These were two healthy voung men between the ages 
of 25 and 30 Thev weie given the tvphoid diet hut could not take as large 
amounts of food as the patients 


Table 7 — Metabolisji Study in Fbane W Case 6 


s 

OC 

Calories 

■SOI 

Z 

o 

z| 

o 

=+ 

5 

o 

o 

C 

Urine 

o 

Total 

V 

f— i 

V 
n , 

5 

'o 3 
-2 r: 

C 

Fat 

Sc 

0 

z 

O 

O 

o 

> 

o 

tc 

c 

z 

a 
c r 

C 

<y 

5 

5 

5 

14 

||gl 

35 

21 

276 0 

67 2 

5 0 

19 9 


1222 

IS 5 

Tr 

1 67 


15 


62 

25 

333 7 

169 2 

16 9 

16 6 


1210 

15 2 

7 72 

12S 

54 5 

16 


46 

20 

267 2 

125 1 

9 7 

15 7 


1052 

14 3 

S 03 

1 27 


17 


6S 

26 

342 7 

19S 7 

17 4 

20 3 

— 29 

1455 

IS 9 

15 48 

1 35 


IS 


71 

30 

397 3 

192 0 

17 2 

21 3 

— 4 1 

1675 

19 9 

31 6 

1 59 


19 


69 

2S 

373 0 

190 3 

15 4 

19 3 

— 3 9 

1S00 

17 9 

79 6 

1 29 

53 6 

20 

3025 

57 

13 

173 1 

202 1 

17 0 

14 S 

-f- 22 

1765 

13 S 

110 

99 


21 



Egl 

127 7 

1S3 0 

17 1 

20 9 

— 3 S 

2050 

19 9 

S 5 

1 17 


22 


35 

■1 

65 4 

139 3 

11 f 

13 9 

— 25 

780 

12 9 

00 

1 05 


23 


54 

10 

131 4 

200 3 

17 9 

19 7 

— IS 

1545 

1SS 

0 0 

1 11 

52 7 

24 

39S0 

76 

16 

201 5 

2S2 4 

20 5 

17 4 

+ 31 

1575 

16 o 

00 



25 


7S 

17 

21S 0 

2SS 3 

20 C 

15 2 

+ 54 

1475 

14 3 

1 6 

1 12 

52 5 

26 

n 

71 

15 

195 3 

264 7 

19 0 

12 7 

+ 63 

1300 

11 9 

1 64 



27 

Mil 

71 

16 

203 4 

257 3 

20 1 

13 1 

+ 70 

1540 

12 3 

1 S 



2S 


76 

16 

215 0 

2S7 6 

21 1 

1 

IS 2 

-f 29 

1790 

17 4 

1 6 


53 9 


METHODS 

The patients weie under the direct care of the head nuise Miss Marv E 
Sheehan who has helped m metabolism experiments on typhoid cases for the 
last three years All food gnen was measured and recorded Samples of the 
milk and cream were analvzed fiom time to time and the other foods were pre 
pared according to known lecipes and their food values calculated from the 
tables of Atwater and Bivant (Bull 2S U S Department of Agrieultuie ) 
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Even morning the nurse gave an enema of about 250 cc of warm watei con- 
taining 0 75 "tn soap, which amount was, of course, subtracted from the fatty 
boches°found by analysis m the resulting stool The results from these enemas 
\,ere veiy umfoim except m the case of Charles S, in whom an attempt was 
made to use salt solution instead of the usual soap enema There was so much 
i etcntion of feces m the lower bowel for tbe first three days that soap enemas 
nere again resoited to and the period lengthened to seven days in order to get 
accurate results 

Hie periods v.eie marked off at fust by a teaspoonful of charcoal, which was 
somewhat difficult to lecogmze m the enemas Later earmm powder m doses 
of 0 3 gm vas used and a most satisfactory line of demarkatiou obtained In 
two of the eailier cases m which the food and stools were very uniform, the 
demarkation was omitted as the patients objected to the charcoal 

As soon as the initial dose of chaicoal or earmm was given, all urine was 
saved and all the feces as soon as the line of demarcation appeared The enemas 
and feces weie dned at a tempeiature below 100 C with the addition of alcohol 
The several stools of each period were then united, powdei ed, passed through a fine 
sie\ e and analyzed 

It was feared that the process of drying, which required one or two days, 
might cause a loss of some of the constituents To determine this a normal man 
vas put on the high calory typhoid diet and some of the formed stools thoroughly 
mixed and samples analyzed fiesli and after diymg in the above manner The 
lesults show that the changes are negligible 

Table 8 — Analyses Before and After Drying, Expressed in Per Cent of 

Moist Stool in Control Case 



Fresh 

Dried 

Error Caused 


Feces 

Feces 

By Diymg 

Fat 

1 

4 38 


Average 


4 43 


I 

4 405 

1 

+3 2 

Cai holiy di ate 

97 

1 

92 


| 

Aveiage 



97 1 

94 ! 


97 

93 

I 

—40 

Nitiogen 

829 

822 



874 

827 


A\eiage 

860 

828 


8543 

8257 

—3 3 


All analyses were made m duplicate and if the results did not agree, 
vseie repeated until satisfactory The nitrogen was determined by the 
vjeldahl method, the fats by the complicated but exact method of 
vumagan a and Suto , 10 which deteinnnes the fats, fatty acids and soaps 


neues Verfalnen zrn quantitative Bestimmung 
Kr.hl- T Und dc r unver seifbaren Substanzen m tierischem Material nebst der 
Trmhi 8 e ^ r mclihchen Methoden Biochem Ztschr , 1908, vm, 212 

nirh (Ur G e -T r *A e f e ^bestiminungen des Faeces und eimgei Isahrungsmittel 
euen Methode ion Kumagawa Suto Biochem Ztschr, 1908, vm, 348 
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togethoi "Results obtained by this method are usually higher than by the 
oldei methods of ether extraction which have been shown to be very 
faulty 

The caiboh}diate detenmnations gave a gieat deal of trouble It is 
impossible to make an accuiate sugai test without decolonzmg the feces, 
and many of the methods of decoloi ization remove sugai as well as color 
The dned feces contained from 2 to 4 pei cent caibohydrates and aftei 
the processes hydiolmng and decoloi izing, the lemammg solution for 
analysis contained about 05 pei cent dextiose Accuiate sugai detei- 
nnnations with such dilute solutions are difficult 

Various methods of decoloi ization w-eie tested, using the Allihn 
method, and the Pavy method as modified by Ivumagaw a and Suto 11 0 25 
gm dextrose (Kahlbaum) w r as added to 4-gm samples of a specimen of 
dried feces winch gave no reduction aftei boiling with \\ ater, although it 
did i educe aftei hydiolizmg with 2 pei cent HC1 The sample of feces 
with the added dextrose was boiled five minutes with 80 cc distilled 
waiei cooled, 10 ce 20 pei cent HC1 solution added and made up to 
100 c c Two samples w r eie filteied with difficult}', and Allilin deteinuna- 
tmns made with the highly coloied filtrate The others weie decolorized 
by the meicuiic nitnte method of Patem and Dufau 12 by basic lead 
acetate, mercunc bichloride and b} acid cbaicoal 


T\ble 9 — DrcoLoni7ATioN Tests of Feces in Control Cases 


Decolorized by 

Sugar Method 

Per Cent Error in Tests, 

Meicuiic bichlond 

| 

Allilin 

—11 , + 09 

Mercuric bichlond 

Pavy 

+9 5, +2 6, —0 2 

Mercuric nitrate 

Allihn 

+3 6, 4-5 4 

Mercuric nitrate 

Pavy 

—10 5, —5 9 

Basic lead acetate 

Allilin 

—7 2, —5 8 

Basic lead acetate 

Pavy 

—7 9, —15 0 

Acid charcoal 

Allilin 

—10 8, —5 8, + OS, +5 2, +2 8 

Av —1 7 

Acid cbaicoal 

Pavy 

—11 0, —10 9, —5 1 

Filtering, no decoloi ization 

Allilin 

l 

—11, 4-0 9 


It w r as clear that no method gate absolutely satisfactoi} i emits but 
that the erioi of any method w'as not gieat enough to make a significant 
difference m the findings When one considers that many caibohydiate 
deteinnnations m feces are made by the grossly maecuiate method of 
subtracting the total weight of fat, piotem and ash fiom the weight of 

11 Kumagawa and Suto Ein Belting zur Zuckeititneiung nnt ammomakali- 
scher Kupferlosung nach Pavy Beitr z wissensch Med u Chem (Salkowshi’s 
Festsclirift) , Beilin, 1904, 211 

12 Patein and Dufau Method descnbed in Abderhalden Hand!) d Biochem 
Arbeitsmetlioden, n, 183 

13 Ibid , p 184 
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t] ie cl 1 1 g cl stool, one becomes leconcilcd to a smallei acknowledged erior 
The method finally chosen for analysis was the acid charcoal method 
winch seemed more accurate and simpler than any of the otheis A spec- 
imen of 3 to 4 gm of powdeied feces was boiled one and one-half hours 
m 100 cc 2 per cent HC1, m order to lij droll ze the starches into sugars 
Aftei cooling the solution was made up to volume, about 4 gm of the 
be=t quality animal cliaicoal added, filtered, 2 gm more charcoal added, 
filtered, an aliquot portion rendered slightly alkaline with NaOH to pie- 
cipitate the phosphates, made up to volume and filteied With 50 c c of 
the eleai filtrate, Allihn tests were made In a few cases, the modified 
Pavy method was used 

Soluble carbohydrates weic tested foi by boiling a similar sample of 
feces with water and acidifying aftei the solution had cooled Charcoal 
was then used for deeolouzation and an Allihn test made In no case 
was there moie than a very slight reduction It is an interesting fact 
that the feces of Michael K , who for his fust two penods was given no 
caibohydrate except lactose, gave 0 4 and 1 2 gm “carbohydrate” after 
hydrohzmg, but none after plain boiling Some reducing body or bodies 
other than carbohydiates must give this misleading lesult Possibly 
mucin caused the reduction 

The indican was tested for m a loughly quantitative manner by 
John’s method 14 One one-hundredth part of the total urme was treated 
with an equal volume of Obermeyer’s reagent and the mdigo blue 
exti acted with 5 c c of chlorofoim and compaied with Pehlmg’s solution, 
which v as given arbitiarily the value of 100 The color comparisons 
were made with Pohlmg’s solution diluted to different percentages and 
were not made m a colorimeter This method seems greatly preferable to 
the old method of recording +lie lesult m plus marks Folm’s normal 
individuals were on a diet very similar to the high calory diet and the 
mdican excretion measured m this method lan between 12 and 140, the 
average of all six cases being 77 

Glucose m the urme was determined by Benedict’s method, 15 which 
gave most satisfactory results 


SUMMARY 

Caibohy diates when given m amounts under 300 gm a day weie 
piesent m the stools only m traces, if, indeed, they were present at all 
' ien amounts larger than 300 gm were given, the stools sometimes 
contained 2 oi 3 gm of reducing bodies 

Mo!,yf 0lin Ana k ses °f Tim ty “Noimal” Urmes Am Jour Physiol, 1905, 

\m°xSa 1C f 1Ct ’ S , ® The Detectl0n and Estimation of Glucose m Urme Jour 
^ Ied 1911, lui, 1193 
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Tame 10 — Comparison of Results 
Controls 



Fat 

Carbohydrate 

Nitiogen 

P O 

ci 5 

O r- 

P 

t-f 

Giams in 
Food 

a 

2 g 

G O 

S 

Pei cent 
Loss 

Giams in 
Food 

Grains in 
Feces 

Pei cent 
Loss 

Grans in 
Food 


-P 

s * 

« § 
r* r—} 

O ^ 

“L” 

“D” 

1 

172 
| 1G4 

H 

38 

20 

1 

127 

249 

05 

25 

05 

01 

11 G 

12 7 

0 57 

1 00 

50 

78 



Day of Disease Charles N 


19 21 

247 

24 3 

9 8 

296 

12 

i 

04 

15 2 

H 

70 

100 

27-29 

281 

19 4 

68 

222 

1 0 

04 

19 2 

MEM 

75 

90 

30 32 j 

258 1 

25 1 

97 

242 

1 0 

04 

18 4 


78 

20 

33 35 

289 

14 9 

52 

255 

08 

03 

18 8 

1 22 

65 

20 

36 38 

317 

19 G 

G 1 

241 

ill 

04 

19 5 

1 00 

5 1 

20 

39-41 

300 

10 9 

50 

2G9 

19 

04 1 

20 0 

1 78 

89 

20 

42 44 

301 

14 8 

49 

249 

■ 

04 

1 

21 5 

1 37 

1 

G 4 

30 


Philip R 


8-10 

173 

14 5 

S 4 


04 

1 

0 2S 

u« 1 

mm 

H 

H 

11-15 

215 

11 7 

55 


04 

0 20 

1G 1 

mam 

■ 

■ 

31-32 

150 

G 5 

43 


04 

I 0 23 

14 6 

0 8G 


■ 

33-35 

151 

G 3 

* 

42 

1 


06 

0 23 

! i 

1G 7 

0 92 

H 

| 90 


Michael K 


13 15 

! 

148 

16 6 

1 

11 2 

121 

04 

i 

03 

1 10 5 

0 92 

8 S i 

50 

1G 18 

169 

16 2 

95 

154 

1 2 

08 

i 11 9 

1 20 

10 0 1 

110 

19 21 

238 

11 7 

49 

309 

24 

06 

I 16 3 

1 79 

110 

70 

22 

257 

114 

44 

427 

[ 28 

i 

00 

20 2 

1 61 

i 

' 80 

30 


John N 


26 27 

236 

98 

4 2 

278 | 0 75 

03 

mm 

19 

5 3 

28 30 

237 

84 

3 5 

292 J 0 78 

03 

H 

19 

5 7 


Charles S 


22 28 

1S6 1 

15 8 

85 

446 5 

121 

027 

15 2 

1 16 

76 

50 

Frank W 

14 16 

120 7 

■a 

e5 

292 3 

0 93 

KB 

108 

in 

13 0 

15 

17-19 

193 7 

SI 

5 6 

371 0 

0 58 

IB 

16 7 


8 5 

Hin 

20 22 

174 8 

IS 

58 

122 1 

0 51 

ntx 

15 2 

mm 

6 6 

ZD 

23-25 

257 0 

wnm 

3 5 

183 8 

0 53 

0 29 

19 0 

EES 

46 

25 

2G 28 

269 9 

H 

37 

204 6 

0 74 

0 36 

20 1 

0 84 

43 

25 



























































EUGCSE F DXJ BOIS 


195 


The nitiogen of the feces a\eiaged 1 12 gm a clay., and nevei exceeded 
1 8 gm , amounts which aie within normal limits The percentage loss 
was 7 1 per cent , which is a figuie lower than that of previous observers 
This, perhaps, may be due to the fact that the diet was less irritating to 
the intestinal tiact 

With the fats theie seems to be a diminution of both the percentage 
loss and the actual weight of fat m the feces as the disease progresses 
It is hard to give averages which aie fan, but it can be said that dunng 
the first three weeks of the attack and during the height of a relapse, the 
patients lose on an average 7 2 pei cent of the ingested fat Later m the 
disease, with a falling temperature and decreasing toxemia, they lose 
about 4 5 per cent The aveiage loss for all cases examined was 6 02 
per cent , which, though highei than the normal figure of 3 per cent foi 
a similai diet, is not enough highei to be of any clinical significance 
The dried feces contained fiom 30 to 50 per cent fat It must be 
remembeied that very laige amounts of fat were given 

The stools of typhoid fever patients on the high calory diet resemble 
normal stools very closely The mdiean of the nrme, which is rather 
high during the early pait of the disease, deci eases steadily as the patient’s 
condition improves The indican exeietion compaies favorably with that 
of Eolm’s normal individuals 14 

The work of Shaffei and Coleman m establishing nitiogen equilibrium 
m typhoid fever has been confirmed 

CONCLUSIONS 

Typhoid patients tlnoughout the disease can absorb carbohydiates and 
piotem as w r ell as normal individuals They can absoib veiy large 
amounts of fat, but the pexcentage of absorption is somewhat lowei than 
the noimal, especially m the earliei pait of the disease 

129 East Seventy Sivth Sheet 



THE EFFECT OF A SKIN IRRITANT ON THE LOCAL 
BLOOD-FLOW IN THE HAND 

CARLTON 1 WOOD, M D , and PAUL G WEISMAN, M D 

ANN ARBOR, MICH 

It is common knowledge that skin nntants produce reddening of 
the skin, winch may under ceitam circumstances be followed b} the 
appearance of vesicles, pustules, oi a diffuse dermatitis The effect on 
the general and the local circulation has been paiticularly studied m 
the case of eaibon dioxid baths, which differ from most other baths 
m that they produce a local leddemng of the skm Accoidmg to 
0 Miller and Ins colaboiators 1 the leddemng of the skm which occurs 
m these baths is a cutaneous phenomenon and it is not associated 
with a lelaxation of the deepei aiteries Stiasburger, 2 who nought to 
avoid the technical difficulties of working with eaibon dioxid baths, 
added spirits of mustaid ( Scnfspintvs ) to the watei winch surrounded 
the arm m a pleth) smogi aph and he found that wlien the aim assumed 
a led color compaiable to that seen m the carbon dioxid bath, the arm 
had increased 4 to 12 cc in tolume Yet we doubt if binding con- 
clusions concerning the local blood-flow can be drawn either fiom 
changes m aim lolume oi fiom taiiations m the foim oi size of the 
pulse, for these do not neeessanly indicate the degree of constriction 
of the finer arterioles, a condition winch seems to exercise a predominat- 
ing influence on the local late of flow 

It seemed advisable, therefore, to study the effect of skin nntants, 
using the methods recently desenbed by G N Stew'art 3 and b} r Hewlett 
and Van Zwalmvenburg 4 for detei mining the late of blood-flow m the 
hand and m the arm Unfoitunatelj neither method is well adapted 
for studying the local effects of eaibon dioxid baths The evolution of 
gas excludes the plethysmogiaph method of Hewlett and Van Zwaluwen- 
burg, and the chemical leaction in the artificial bath w'ould probably 
mteifere with Stewart’s calonmetnc method Our experiments have 
therefore been limited mamh to the effect of baths containing irritating 

"From the Depaitment of Internal Medicine, Univeisity of Michigan 

'Manuscript submitted for publication June 19, 1912 

1 Muller, 0, and Veiel, E Beitiage zur Kreislaufplivsiologie des Mensclien, 
besonders zur Lehre \on dei Blutverteilung Samml Klin Vortr , 1911, In Med 
194, 195, 196, 199, 200, 201 (Liteiature ) 

2 Strasburger, J Emfuliiung m die Hydrotherapie und Tliermotherapie, 
1909, Jena, 243 

3 Stenart, G N Studies on the Circulation m Man Heart, 1911, in 33 

4 Hewlett, A W , and Van Zwaluwenburg, J G The Bate of Blood Flow in 
the Arm Heait, 1909, l, 87 
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quantities of mustard, though a few experiments with salt mixtuies 
such as are used m ceitam Heuheim baths were also performed In 
ordei to ascertain the effect of the ir lit ants, determinations were made 
simultaneously on the two hands while one was exposed to water con- 
taining the lrntant and the other to ordinary tap water In this 
manner it was possible to eliminate the variations m flow which occui 
m a single individual at different times Sciupulous caie was taken 
to maintain the two water baths at the same tempeiature m older to 
exclude the effect of local variations in tempeiature 5 The results of 
our experiments are shown m the accompanying tables 


Table 1 — Effect of Mustard Bath on Local Blood-Flow in the Arm 
( Plethysmographic Method) 


Sub Room Water Average Rate of 
ject Temp Temp Flow 

C C Mustard Control 


Remaiks 


Weis 

24 

34 

9 2 1 ' 

62 

Weis 

23 

33 

67 

22 

Wood 

22 

32 5 

30 

42 

Wood 

18 

33 

29 

35 


Aim exposed to mustaid felt very warm 
Arm exposed to mustard felt very warm and 
later smarted consideiably It became 
swollen the following night and subse- 
quently the skin desquamated 
Aim exposed to mustard felt warm 
Arm exposed to mustard felt waim with 
slight smarting 

These figures represent averages of five oi more determinations 


Table 2 — Effect of Mustard Bath on Local Blood Flow in the Hand 


( Calorimetric 
Sub Room Watei 

ject Temp Temp 

C C 
Wood 17 5 3 i 

Wood 20 5 30 

Weis 18 5 31 

Weis 20 30 

Weis 20 5 30 

Weis 21 5 30 5 

Weis 25 5 31 5 


Method ) 

Average Rate of 
Flow 

Mustard Control 
S3 84 

60 53 

4 8 6 8 

3 3 4 5 

32 59 

S5 76 

9 7 10 6 


Weis 27 

Weis 2 S 


30 5 

4 5 

7 0 

318 

14 0 

13 0 


Weis 

Weis 

Weis 


2S4 30 5 8 5 119 

30 2 31 4 18 17 4 

30 5 32 14 4 16 9 


Kmde 13 0 

Ivinde u 3 

Kindc is 

Kmde 15 5 

Kindc is 

Kindc 10 

Kmde 10 5 

Kmde 20 5 

Kmde 21 

Kmde 23 


29 5 31 

30 5 13 1 

29 3 S 2 

30 0 5 0 

29 5 5 

30 5 G 3 

29 5 S 8 

29 5 G 2 

29 8 G 1 

30 0 17 0 


34 
11 9 
90 
42 
67 
74 
77 
63 
5 3 
10 5 


Remarks 


Hand exposed to mustaid smarted but was 
not reddened 

Hand exposed to mustard was reddened and 
smarted 

Hand reddened and burned and showed 
slight dermatitis six hours later 
Hand is mustard reddened and smarted 
Hand slightly leddened and smarted 
Hand smarted and Mas considerably red 
dened 

Hand smaited and reddened 


Hand reddened 


Hand leddened 


Somo Hwwf A W ’ Van Tallin enbuig, J G , and Marshall 

Ixt Vm !olT lipeUtlC Tiocedmes on the Blood-Flov, m the A 
nT 1911, mu 591 


The Effect of 
The Abchi\es 
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A typical piotocol of this gioup of experiments follows 

Calorimeteric Determination or the Rate of Blood Flow in the Hand 

(Weisman — subject, Wood — opeiator ) Apul 23, 1912 
Tliermometei (L) m light calorimetei 
Thermometer (S) in left calonmetei 
Mustard water m light calonmeter 
Tap water m the left caloiimeter 

The right hand was soaked m mustard wntei at 30 C foi seventeen minutes 
and the left hand m tap water at the same temperatuie for the same length of 
time, immediately preceding the experiment The right hand smarted hut was 
not reddened Room temperature, 25 5 C 

Preliminary Reading in Calorimeters to Determine Rate of Heat Loss 
Right Calorimeter Left Calorimeter 


Time 

Readings 

Time 

Readings 

1 15 

1 540 

1 15 

3 220 

1 16 

1 560 

1 16 

3 240 

1 17 

1 590 

1 17 

3 260 

1 18 

1 620 

1 18 

3 285 

1 19 

1 660 

1 19 

3 310 

1 20 

1 690 

1 20 

3 330 

Temperature of watei in each, 30 C 



Readings after Insertion of 

the Hands in Calorimeter 

Right Calorimeter 

Left Calorimeter 

Time 

Readings 

Time 

Readings 

1 24 

1 360 

1 24 

2 970 

125 

1270 

1 25 

2 860 

126 

1 118 

1 26 

2 740 

127 

1 100 

1 27 

2 630 

1 28 

1 030 

1 28 

2 530 

1 29 

0 950 

1 29 

2 430 

1 30 

0 S90 

1 30 

2 360 

1 31 

0 810 

1 31 

2 260 

1 32 

0 740 

1 32 

2 160 

1 33 

0 650 

1 33 

2 070 

1 34 

0 590 

1 34 

2 015 

1 35 

0 535 

1 35 

1 950 

Temp 

31 5 C 

Temp 

i 315 C 

Heat Losses 

riiOM Calorimeters after the Hands Had Been Taken Out 

Right Calorimetei 

Left Calorimeter 

Time 

Readings 

Time 

Readings 

1 40 

0 570 

1 40 

1 930 

141 

0 600 

1 41 

1 955 

1 42 

0 640 

1 42 

1 980 

1 43 

0 665 

1 43 

2 015 

1 44 

0 700 

1 44 

2 045 

1 45 

0 720 

1 45 

2 080 

Weight of mustard solution 1615 gm 



Weight of water 1639 gm 



Weight of right calorimeter 470 gm 



Weight of left caloiimeter 470 gm 



Volume of the hand substance 485 c c 

(right) 


Volume of the hand substance 510 c c 

(left) 


In the experiments with mustard, the specific heat of the mustard 

;olution was regarded as equivalent to that of an equal weight of water 
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Tb the expei iments m wbicli the suit solution wus used., Iiowgvgi , 
the specific heat was determined by multiplying the actual weight of 
th e solution m grams b} 7 93 Similarly m the following calculations, 
the actual weights of the calonmeter and of the hand substance were 
i educed to then water equivalents 

Calculation or the Rate of Blood-Flow in the Right Hand 


Calorimeter correction for heat loss m ten minutes 30 

With hands m calorimeter for ten minutes the tempera tui e rose to 735 

Total rise t 035 

Water equivalent of the mustard solution 1615 

Water equivalent of hand substance 388 

Water equivalent of calorimeter 52 

Total water equivalent 2055 


Total calories given off from hand m ten mmutes=2055 X 1 035=2126 9 

H 1 

Total calories given off from hand m one mmute=212 69 Q= X — 

T-T 1 s 

Where Q equals the quantity of blood m grams flowing through the hand m 
the time of the experiment, H=the heat given off by the hand T=the tempera- 
ture of the arterial blood T 1 =rthe temperature of the water S=the specific heat 
of the blood 

212 69 1 0 

Q= X— =47 

36 5—31 5 9 

Rate of blood flow per minute per 485 c c hand substance=47 

Rate of blood-flow per mmute per 100 c c hand substance=9 7 

Calculation of the Rate of Blood-Flow in the Left Hand 


Calonmeter correction for heat loss m ten minutes 26 

With hands m calorimeter for ten minutes temperature lose 909 

Total rise 1 169 

Water equivalent of water 1639 

Water equivalent of hand substance 408 

Water equivalent of calorimeter 52 


Total calories given off from hand m ten mmutes=2099Xl 169=2453 731 
Total calories gnen off from hand m one mmute=245 373 

245 373 1 0 

Q= -X— =54 5 

Hot ,,, Jjn 36 5—31 5 9 

J °°d-fl<nv per minute per 510 cc hand substance 
f blood-flow per 100 cc hand substance (per minute) 

Hate of blood-flow m mustard solution 9 7 

Hate of blood-flow m water 10 6 


Difference 

TAHLr 3 Errncr or Salt Baths* 
Subject Room 

Temp 

Kmde 20 

20 5 

Kmde oi 


on the Local Blood-Flow in the Hand 


Water 

Temp 

C 

28 5 

29 8 

30 5 


Average Rate Flow 
Salt Control 


‘The 'alt bath contains K a Cl (5 per cent), Ca CL ( 5 per cent) 
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These expenments indicate the considerable variations m the blood- 
flow of the hand or arm which may occur in a single individual at 
different times Such variations are due m part to the temperature 
of the room 0 and m Table 2 in which the lesults for each individual 
aie arranged accoidmg to loom tempeiatuies it will be seen that there 
is a very definite tendency foi the late to increase on days when the 

experiments vveie conducted in a waim 100m even though the hands 

were always exposed to vvatei of about the same tempeiature It is 
also evident, hovvevei, that other factors than 100m tempeiature must 
have been active to account foi the vanations fiom the rule that the 
rates mciease with highei 100m tempeiatuies Exacth what these othei 
factois are we have not detei mined 

So fai as ne have been able to determine, no definite effect on the 
local blood-flovv results fiom inflation of the skin by mustaid 01 the 
salt nmtuie used Only in the second experiment of Table 1 was a 

veij maiked lesult obtained and this was associated with a rather severe 

burn fiom the mustaid which left a dermatitis that did not heal foi 
days Some doubt is thrown on this expenment In the u mi snail} slow 
late m the contiol aim Aside fiom this case the fastei of the two 
hand rates seldom exceed the slower bj more than 50 per cent and the 
difference was about as often in one direction as in the other It must 
be admitted that our lesults throughout aie less concoidant for the two 
hands than are those published bv 7 Stewart and it is possible that with 
better technic ne should be able to demonstrate some constant difference 
between the hand exposed to the irritant and the one not so exposed 
We feel safe m asseitmg, however, that the effect if piesent is but 
slightly relative to the very marked variations m the blood-flow pro- 
duced bj thermic and by other influence Certainlj A could not be 
objected that oui failure to obtain moie maiked lesults was due to 
insufficient uritation of the skin In the eailiei experiments the hand 
was exposed to the mustard bath only dui mg its stay of about fifteen 
minutes m the calonmeter, but m the latter expenments a piehmmarj 
soaking m a mustard bath for fifteen minutes or moie usually produced 
redness and smarting before the determination itself was made and 
these were increased dunng the determination We always attempted 
to stop short of producing a definite dermatitis, but m two experiments 
at least (No 2 of Table 1 , and No 9 of Table 2 ) this occurred The 
former has alieady been alluded to, the latter was not associated with 
a definitely increased blood-flow during the bath 

Two explanations might be offered for the fact that a local reddening 
of the skm is not associated with an increased late of flow m the hand 

6 Hewlett A W The Effect of Room Temperatures Upon the Blood 
Flow, Etc, Heart, in, 1011, 230 
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In the fust place it is possible that although the flow though the skin 
is mci eased the flow m the deeper structures of the hand is piopoition- 
ateh diminished so that the resultant of the two is ml or nearly ml 
In the second place the leddemng may he clue to a dilatation of the 
small cutaneous capillanes and veins, while the aitenoles which are 
beheied to exeicise a piedommatmg influence on the local flow are 
unaffected We incline towaid the lattei explanation chiefly for the 
lenson that when the flow m both hands was slow the hand exposed to 
mustaul fiequently showed a slightly cjanotic coloi, which would indi- 
cate that the cutaneous vessels weie dilated, but that the flow thiough 
them vas not sufficiently fast to bring much aitenal blood to the surface 

CONCLUSIONS 

1 Inflation of the skm by a mustaid bath slioit of pioducmg a 
definite deimatitis does not lnatenally mciease the rate of blood-flow 
thiough the hand lelative to the hand whose skm is not so nutated 

2 The local ledness is probably due to a dilatation of the cutaneous 
capillanes and venules without a conespondmg dilatation of the undei- 
hmg aitenoles 
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Piobably the fiist -work on the piesence of toxic alkaloid-like base s m 
putnd meat and urine, and their significance for pui poses of diagnosis m 
disease, was done by Sehm m 1SS0 Jn ISSi Boucliaid began his deiel- 
opment of the idea of urinai y toxicity as measuied by biological experi- 
mentation, and its application to clinical pioblems Bouchard’s woik 
and that of olliei Pieneh wnteis, gate an impetus to the investigation 
of the chemical character of the toxic elements m mine, and m ibis 
connection, attention became directed paiticulailj ton arc! those of a basic 
alkaloid-like nature, and mam such hate been identified 1 

In 190(5 Abelous 2 directed attention to a eeitam phase of this subject 
by isolating fiom putnd meat a substance, basic m natuie, which, when 
injected into animals, pioduced a pronounced use m blood-pressure He 
was unable to identify this base with any degiee of accuracy, but assigned 
to it the provisional formula C 0 H n H0 3 Eosenlieim 3 in 1909, found 
that fiom the pioducts of the putrefaction of fiesli human placentas he 
could isolate two pressoi principles which were identical, both physio- 
logically and m melting-point and crystallization, to two substances iso- 
lated about the same time by Barger and Walpole fiom putnd meat, by a 
somewhat different process than that used by Abelous Howetei, Baigei 
and Walpole, 4 by using large quantities of meat, were able to obtain these 
piessor ba=es m sufficient amount to identify them as isoamylamme and 
paiahjdioxtphenjlethylamine, which made it probable that they were 
ionned by r bactenal decomposition from leucin and ty'rosm, icspectively 
by the splitting off of C0 2 In 1908 Abelous repoited that he had isolated 
from noimal unne a basic substance, soluble m ether, which phy siologicallt 
was apparently identical w-itli the base he obtained fiom putrid meat 5 
In 1909 Bam u leported having obtained fiom normal urine, two pressoi 

‘Manuscript submitted foi publication June 17 1912 
‘Fiom the Otho S A Sprague Memonal Institute, Chicago 

1 Foi a cutical review of the earliei literatuie on this subject, lefeience can 
he made to Kutscher’s article m Ahderhalden’s Handbuch dei Biocliemischen 
Arheitsmetlioden, 1910, 111-2, 863, and to that of Acheimann 2, p 1002 

2 Abelous Compt rend Soc de biol 1906, K, 463 , ibid 1906, K, 531 

3 Rosenheim Jour Physiol (Eng) 1909, wamii, 337 

4 Barger and Walpole Jour of Phys (Eng ) 1909, xxxvin, 343 

5 Abelous Compt rend Soc de biol , 1909, ]\v, 848, ibid, 1909, Kv, 596 

6 Bam Lancet (London), 190?, n, 365, ibid , 1910, l, 1190, ibid , 1911, l, 1409 
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substances, one soluble m ether, presumably isoamylamme, the othei 
soluble m am} 1 alcohol and supposedly parahydroxyphenylethylamme He 
fnrthei found that m several cases of high blood-pressuie, these piessor 
pnnciplcs weie eitliei entnely absent from the urine 01 m greatly dimin- 
ished amounts, that on a mixed diet they ueie m gieatest quantity, and 
gieatly lessened if the person whose unne was used was on a vegetable 
diet Bam also noted that the bases weie absent fiom children's mine 
up to the age of 12, and began to be excreted about the fourteenth year 
Similar observations had previously been made by Abelous with Ins 
miliary extract, which he terms “Ui oLiypertensme ” 5 

Baiger and Dale 7 have shown that the watery extiacts of ergot aie 
\ety similar m melting-point and crystallization to parahydroxypheny 1- 
ethjlamme, and that their physiological action is practically identical 
Such a piepaiation has been put on the market by Bunoughs, 'Wellcome 
and Co , under the tiade name “Tyramme,” 005 gm of which, when 
injected into animals, gives quite a pronounced use m blood-pressure 
Dale and Dixon 8 woiked on the physiological action of isoamylamme and 
paiahjdrovyphenylethylamme, obtaining, m brief, the following results 
When injected into cats under ether anesthesia, they both cause a distinct 
use m blood-piessure, but much less than epmephim, the curve rising 
and teimmatmg more slowly than the lattei, with a longer latent penod 
Of the two, isoamylamme is the less poweiful Both cause an mciease m 
the output of the heart by increasing the rate and amplitude of the beat 
Isoamylamme produces a primary depression, parahydioxyplienyletliyla- 
mme does not When injected into the circulation, both cause a reflex 
inhibition through the vagi, with a maiked diminution m the rate of 
outflow iiom the vessels of the periphery and intestine Isoamylamme 
fuilhei causes a constriction of the vessels of the lungs, and a slight 
coiwti iclion of the bronchioles Both cause a contraction of the pregnant 
uterus and inhibit activity of the non-piegnant organ, the same as 
epmeplnm, although laboi was not induced by administration made a 
ucek before term Both substances cause a dilatation of the pupil, pro- 
trusion of the e} e-ball and secretion of tears They act when given eitliei 
hipodeimaticallj oi by mouth, and they are absorbed more leadily through 
the alimentary canal than is epmephrm Then action is not stnctl}, but 
mostlv, limited to the periphery and theie confined to muscles and glands 
receiving a sympathetic supply By a companson of the structural 


< Barger and Dale Jour Physiol (Eng) 1909, xxxvm, 77 
Dale and Divon Jour Physiol (Eng ) 1910, vsxix, 25 
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f 01 of the bases with that of epmephrin, the similarity can furthei 
be noted 

CH 3 

>CH — CH = — CH : — XBu Isoainylamine 

CH3 

®>0 — CH_ — C1I. — NIL P.ualn di o\\ plian letln lamme 

HO 

\ 

HO< ^ — OH (OH) — CII. — XII — CII 3 Epineplirm 

Haivey 0 recently reported some intei estmg effects of the piolonged 
ingestion of parahj droxyphenj lethj lamme bj animals He both fed and 
injected labbits daily mth a 2 pel cent solution of this substance ovei 
a penod varying fiom eighty to 300 aajs, graduallj increasing the 
amount He then killed the animals and found that out of thirty-thiee 
twenty had developed renal lesions, m tv enty-five theie were lesions m 
the mesial coats of the arteries, and m ten the heart vas enlarged and 
fibrous His woik, hoy ever, is open to enticism, m that he fails to 
state the source of the “parahj drovyphenyletlij lamme” used m his 
experiments, the inference being that “Tjramme” uas the substance 
employed We do not know that chemically this is the same as the 
supposed paiahydroxjphenjlethylamine isolated from noimal urine 
The significance of the work of Abelous, Bain Haivej and otheis con- 
cermng these pressoi bases, is apparent it corroboiated It strongly 
suggests the possibility that ceitam diseased conditions vliich manifest 
a tendency to high blood-piessiue, notably aitenoscleiosis and nephutis 
maj be caused by the formation and absorption of putrefactive pies°or 
bases m the intestine Furtkermoi e, the woik which has just been 
reviewed, would tend to indicate that even m health some formation) of 
pressor bases occurs and it would be plausible enough to assume that 
under certain conditions of diet 01 disease the amounts of these sub- 
stances would be found greatly augmented, and again, that if some 
method were at hand for measuring them, the amount of putiefaetive 
bases m the urine might be made a useful clinical index of the extent 
to which this vanety of poisoning was going on The possibility suggests 
itself also, that an increase m the amount of putiefaetive bases absorbed 
by the body, might be responsible not only for the chronic diseases with 
high blood-pressure and organic changes m the kidnejs and cardio- 
vascular apparatus, but for certain other symptoms as well the causes 
of which are at present little understood, among which may be mentioned 
the so-called constipation headaches, asthma and perhaps certain cutaneous 
disturbances Much of value m diagnosis, prophylaxis and clinical 
knowledge would seem to be involved m a study of this pioblem 

Working toward a solution of these things we should have to go to 
the beginning and ask. Are these bases, isoam} lamme and parahydroxi- 

9 Harvey Path and Bact (Eng ), 1911, xlm, 95 
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phenylethylamme, ioimed m the intestine? Thus far this question 
cannot be answered positively, for they nevei have been isolated fiom 
the feces and analyzed as such, although Abelons m attempting to find 
vheie Ins “Urohypeitensme” was formed, took 450 gm of intestinal 
contents and tieated it with three times its volume of alcohol By extract- 
ing m the same way as with his method of urine extraction, he was able 
to obtain a piessor substance, so he assumes that it is formed m the 
intestinal canal 10 We must remember, however, that Abelous 5 WTio- 
hypeitensme” has never been identified chemically Color is given the 
idea by an expenment performed by Barger and Walpole, 4 who added 
1 7 gm of tvrosm, dissolved m sodium hydroxid, to 300 c c of broth 
and sterilized They then infected this with a cultuie fiom human feces 


Table 1 — Showing Methods of Extb action Used, and Effects on 

Blood-Pressure* 
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CQ 
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Amount 

Extiact 
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Effect on 
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3 

2 500 

Bam 

Ethei and Amyl 

6 

2 

None 

2,300 

Bam 

Ether and Amyl 

6 

3 

None 

2,500 

Bam 

Ether and Amyl 

6 

4 

None 

4 

0 

2,500 

Bam 

Ether and Amyl 

6 

5 

None 

2 500 

Bam 

Ether and Amyl 

6 

6 

None 

G 

1,000 

Abelous (first) 

Alcohol 

10 

10 

None 

7 

1,000 

Abelous (second) 

Ether 

10 

10 

None 

0 

l,0ou 

Abelous (first) 

Alcohol 

10 

ia 

None 


I 000 

Abelous ( second ) 

Ether 

10 

10 

None 


*The specimens of urine 
laboratorj 


weie normal and the source was the peisonnel of the 


an allowed it to putrefy at 37 C foi four days, togetliei with the same 
quantity'' of biotli with no tyrrosm added, as a control By extraction, a 
-instance was obtained from the former which resembled paiahydroxy- 
phenylethylamine m its physiological effects 

The nevt question piesentmg itself is. If these bases are formed m 
le^in estme what are their effects m the organism? Are they ahsoibed 
^ " llC 1 ln anioun t sufficient to cause symptoms, and do they remain as 
uni 111 ! hGU cncu ^ 10n through the body, finally to be excreted 
w o C ]! ai fr In unne '’ > Some light has been thrown on this by r the 
don-? (o - " inS aiJC ^ ^mdluw, 11 who fed parahydroxyphenylethylamme to 
buf ° an ^ an ^ weTe a ^ e TecoveT from the urine 

— J ^ ei cen ^ ^ le parahydroxyphenylacetic acid which was theoieti- 


10 

n 


nT.lT, 'IT f, G phvSw] et P ath gen , 1909 xi, 34 

- nd Liidhw Jour of Physiol (Eng ), 1910, xh, 78 
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call} possible The} then perfused the substance through a dog’s livei, 
and aftei two hours no tiace could be obtained, but 70 pei cent of the 
possible amount of parahydrox}phen}lacetic acid was ieeo\eied, showing 
that the liver had the power to change the base m its circulation thiough 
it By peifusion thiough the uteius, 008 gm of cnstallme oxypben- 
}lacetic acid was obtained, which fact would tend to show that eithei 
the muscles of the uterus oi those of the blood-i essek weie able to 
transform the amine into the corresponding acetic acid 

In ordei to attack these questions, ceitam pielimman w oik «eemed 
necessar}, and we decided to proceed along the following lines (1) To 
confirm if possible, the finding of these pressoi substances m puli id 
meat and mine, (2) to ascertain the iclatne amounts of the bases m the 
ui me of healthy individuals on different diets, and the amounts in 
vanous diseased conditions, and foi facilitating the lattei to device if 
possible, a method foi estimating the quantities of these substances m 
the mine, which would be simple enough foi use with a senes of cases 
and not too elaboiate foi the clinical laboiatoi} as oidmanly equipped 

We accordingl} attempted to obtain the tw r o bases fiom putrid meat 
using the method of isolation emplo}ed hr Ba}ei and Walpole which 
biiefl} is as follows 

One kilo of meat (beef) was stripped of its tendon and fat, giound up, trans 
feried to a laige bottle fitted with a perfoiated cork, with tube to allow the 
escape of gases, and placed in an incubatoi at 37 C to putrefy The meat was 
not inoculated with am oiganisms Aftei eight dajs when the mass had paitiallv 
liquefied it was lemoyed and made acid with dilute HC1, and the pioteins coagu 
lat Q d in a steamei at 100 C The mass was then filteied and the filtrate evaporated 
in •vacuum to a thick sy i upv consistency This was then thoroughly mixed with 
sand and exti acted with acetone, the acetone solution was evaporated and the 
lesidue shaken with chloroform The chloioform solution was extracted by 
means of dilute aqueous HC1, which was then made alkaline with dilute NaOH 
and exti acted repeatedly with ether By dehvdiatmg the etheieal solution with 
ahhjdious sodium sulphate and adding an anhydrous ethereal solution of oxalic 
acid, a white piecipitate occurred, which w r as collected on a filter, dned and dis 
solved in distilled watei or physiological salt solution This lepresented the 
alleged ether soluble principle, lsoamylamme The alkaline residue left after the 
etliei extraction was washed with amyl alcohol to i emove all otliei bases, the aque 
ous solution then made slightly acid with dilute HC1, and again alkalim/ed with 
sodium carbonate and extracted with amyl alcohol twice In this manner the 
base parahydroxj plienyletliylamme should be separated, dissolved m the amjl 
alcohol The alcohol was now removed by distillation and the lesidue dissolved 
in distilled water foi injection 

We were enabled thus to obtain two solutions which had the effects 
on blood-pressure ascribed to them by Dale and Dixon, namel} a use, 
with the added observation that when given m large amounts they caused 
an immediate fall m pressure the animal taking three oi four deep 
inspirations, followed bj an immediate cessation of respnation and 
heart-beat 
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We then attempted to obtain from the mine such a piessoi substance 
accoidmg to the method employed by Abelons He first used an alcoholic 
extract, evapoiatmg 1,000 cc of nrme on the watei-bath almost to 
diyness and taking up the residue with 500 c c of 95 per cent alcohol 
After standing and filtration, the alcohol was evaporated on the watei- 
bath and the remaining liquid made slightly alkaline with sodium 
bicaibonate and injected into dogs m doses of 10 c c Abelous latei m 
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" ' 11 lllstailce Mas G cc, and the method was the author’s modification of Abelous’ 

1 c of normal GX ? aCt modlfied tlle method as follows 1,000 

and filtered' Thf ^ ^ ^ ra Wcl with HgCfi, let stand for some hours 
e '«Tporated on the ™ ercur ' v * ANas le mo\ed with H„S and the filtiate 
300 eo7i te T t0 ab ° Ut 12 CC Tllls ™ taken up with 

evaporated raw " C ° h f\ shi,ken ana filterea The filtrate was 

dkahne u it), m ° rG a C0 I ° ret named , the residue was now made 

' of soda and at the end with a solution of soda 
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and exti acted seveial times with etliei To the etheieal solution was 
added a solution of oxalic acid m etliei, which pioduced a white pre- 
cipitate, this was dned on a filtei ovei sulphuric acid, dissolved m 10 
cc of distilled water and used foi infection We followed literalh both 
of the aliove methods, so fai as the none too exact description of Abelous 
peinntted using tlie saphenous vein of dog? for infection, but weie 
unable to obtain a use of blood-piessuie m several trials 

Attention was then turned to the method employed by Bam He 
first exti acted the unne direct!}' xvitli ethei after rendering it alkaline to 
litmus Then making it acid with IiCl and again alkaline until sodium 
caibonate, he extracted until amfi alcohol, but later m order to avoid 
certain colloid substances uliicli mteifered with the etliei extraction he 
found the following method to be piefeiable and it was used by us 

Unne to the amount of 2,500 cc fiom peisons on a mixed diet was thoioughly 
shaken with 4 5 per cent of blood charcoal, which, he states, removes not only 
the colloid substances but the bases as well This was filteied and the bases 
lemoved from the charcoal by boiling with dilute IIC1 Tins mass was again fil 
teied, the acid filtrate lendered alkaline with NaOH, and extracted ten times 
with etliei It was then made acid with HC1 and alkaline with sodium caibonate 
and extracted with amj 1 alcohol twice Both the ether and amyl alcohol exti acts 
were then shaken with dilute HC1 and the acid solutions evaporated almost to dry- 
ness on the w atei bath The excess of acid was i emoved m a desiccator ov ei soda- 
lime, and the lesidue made lieutnl and taken up m G cc of distilled water Two 
to 3 cc of this solution was used foi each injection 

Although we extracted tome ten specimens of unne by this method, 
in none of them were we able to obtain an} piessoi substance m eithei 
the etliei oi the amyl alcohol extracts 

In older to obviate am loss of substance which might occui dui mg 
the extraction of laige bulks of mine, we somewhat modified the pievious 
methods of extraction u?mg fionr 1 000 to 2,000 cc of mine, which we 
evapoiated m vacuum at 40 C to about 75 c c In some instances 25 pei 
cent phosphonc and was added in quantity sufficient to pierent an} 
volatile mimes going ovei , in otheis the acid was not used The lesidue 
was taken up with 300 c c of absolute alcohol, filteied and the filtiate 
evapoiated until all the alcohol had passed off The solution was then 
made alkaline with NaOH and extracted with etliei, the method of Bam 
being followed fiom this point In none of ten mines did w r e obtain a 
piessoi substance by this method 

As the urines in the first series were obtained from the peisonnel of 
the laboratory, and the otheis fiom hospital patients on a mixed diet w T e 
sought to explain oui inability to get any of the characteristic bases on 
the ground that perhaps theie had not been enough meat m the diets 
Accoidmgh, w r e placed m the hospital a }oung man 24 }ears of age, who 
was normal m eveiy particular, so far as could be judged from physical 
examination and laboratory findings, and gave linn a diet consisting 
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lmgeh of meat Dm mg this time he was constipated by administrations 
of opium A specimen of lus urine before the meat diet was started was 
extracted and extracts made iiom daily twenty-foui -hour specimens fol- 
lowing On the fifth day a cathartic was administered, and the patient 
pul on a meat-fiee diet, the mine being collected and extracts made as 
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In all the above experiments small dogs of about 6 kilos weight have 
been used m the physiological tests the animals etherized, trachea exposed 
and cannula attached to ether bottle mseited, blood-piessure taken fiom 
the caiotid and lecoided on the i evoking dmni In some instances the 
coul was cut m the ceivical legion and lespnation kept up artificially 
We have exti acted some thirti -seven mines for these piessoi sub- 
fiances, and with none of our picpaiations has any such use of pressure 


described by Abelous and Bam oceuned Theie are seveial ways m 
which these negative results might be interpreted (1) The substances aie 
not m the unne, oi (2) they occui m such small quantities as to be 
negligible m the amount of urine used foi extraction, oi (3) the technic 
on oui pait has been faulty As we have gone ovei eveiy step eaiefulh 
m the methods ciuploved, varying at times some detail where it occurred 
to u« a mistake might be possible on account of the maccmacy of the 
methods a<; given, it is haul for us to diaw this last conclusion It is 
possible, howevei that lemlls of diffeient kinds might be obtained if one 
had to rely exclusively on the cxtiaetion methods as given by the various 
authors m then repoited articles, foi not only aie they difficult to 
mteipiet but woefully lacking m details which are essential to caiefnt 
work In considering whetliei these pressoi bases are piesent m noimal 
mine, as the ivoik of Abelous and Bam would tend to show, it should be 
leealled that we aie staitmg out with the assumption that the substances 
aie foimed m the intestine and excieted as such m the mine Conse- 
quentlv w r e should considei the quefiion as to wliethei these bases, even if 
piesent m the bowel, may not he changed m the oiganism dm mg their 
cn dilation thiough it, into compounds which, when excreted m the mine, 
may fail to gne a piessor effect The lcsults obtained bv Ewnns and 
Laullnw by pei fusing paiahydioxyphenylethylamme thiough various 
oigans, as reported abo\e would tend to sliow r that such is the case 
As to the thud possibility", it is recognized by all who have attempted 
io isolate these bases from the mine, that they occur m extremely small 
quantities Indeed Baigei and Walpole 4 evaporated some 30 liters of 
mine and weie unable to get enough of a pressoi substance to identify it 
( icnucally Again the methods of cxtiaetion employed are not only 
et ions so fai as piactical puiposes aie concerned, but somewhat uncei- 
*un, as it a well-known fact that theie aie many ethei soluble bases m 
m nc and fiom the lack of means of identification at hand we aie unable 
jo , ate the composition of a given extiact It oceuned to us at the stait 
'*u animal injection foi an estimation of different degiees of blood- 
1 i me m dffieient evtiacts, is laulh Foi not onh do the conditions 
v pf ° aC ^ annnn ‘ n t the time of myection have to be taken into con- 
, 1 -° the =i7,e of the animal and the number of injections 

eac i because m using two oi moie extracts on the same animal, the 
prohabh would not give so gieat a use as the fust even thousrh it 



212 


ARCHIVES OF INTERNAL MEDICINE 


contained a pressor substance m greater amount, on account of fatigue 
and other factois Consequently the present methods did not seem to us 
suited foi clinical work, assuming, as we did, that such pressor bases aie 
piesent m the urine, since we requned a more rapid and accurate means 
of estimation m ordei to carry out any further work Reasoning along 
these lines, it was suggested bj Di Wood} att that the Ronchese-Malfatti 12 
foimalm titration foi total ammo and ammonia nitiogen might serve as 
an ax ailable means, as all eady applied by Hennques and Sorenson 13 for a 
vanety of purposes We found that 005 gm of t} r amine (which corre- 
sponds closely physiologically and chemical!} to parahydi ovyphenyleth- 
ylamme) gave with this test a titration figure of 0 3 c c (jST/ 10) NaOH) 
We accordingl} tested by this method sexeial specimens of urine before 
extraction and ako the extracts fiom these same specimens, which sup- 
posedly contained the piessor bases The technic employed was as follows 

A specified amount of the urine or extract uas put in a small flask or beakei 
and diluted with 50 c c of distilled watei In a second container was put 5 c c 
of formalin (40 per cent formaldeliyd ) with 10 c c of distilled water To each 
of these solutions uas added 3 drops of phenolpthalem They were then treated 
with N/IO NaOH until the first peimanent pink color appealed The solutions 
were now added one to anothei, the pink color disappearing The combined solu- 
tion was then titrated uith N/10 NaOH until the first permanent pink appeared 
and the reading was taken The number of c c of N/10 NaOH required for this 
lias used empmcally as a comparative index for the total amount of ammonia and 
ammo nitrogen piesent in the ui inary extracts For instance, if it required 6 cc 
of N/10 NaOH to bring the pink color to the combined solutions in one extract 
and See m another, ue figuied that there would be more basic N substance in the 
latter and that animal injection might show a correspondingly great increase m 
blood pressure, and that thus ex entually u e might for clinical purposes obx late 
the necessity of the physiological test As a further comparison we multiplied the 
number of c c (say 6) empnically by 0018 which would give 0108 as the number 
of giams of titiable base in terms of Nil, m 5 c c of urine or extiact 111 100 cc 
there vould be 2160 gms and the amount for 1,000 c c of mine, or moie, mav 
leadily be estimated fiom this peicentage 

Although the results obtained by the use of the above method were b} 
no means constant we had in almost eveiy case some foimalm titrable 
substance We theiefore submit a table, shoving the amount present m 
the various urines, and also the amount m the extracts of each urine m 
teims of N/10 ISTaOH, reckoned fox 1,000 c c of unne, as that was the 
amount used for most of our extractions We offer this merely as an 
interesting possibility Furthermore, we had intended to check up and 
compare the results obtained by this method with those obtained by 
animal injection, but since we were unable to obtain m any of the urines 
a piessor substance which could be demonstrated by the latter means, no 
comparison was, of course, possible 

We hope soon to report some further work on the piesence of piessor 
bases m the feces 

12 Hoppe Sevier Ztsclir f pliysiol Chem , 1909, Ixi, 6, 499 

13 Hennques and Soienson Ztscln f physiol Chem, 1909, Ixm, No 1, 2/ 
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CONCLUSIONS 

1 Two piessoi substances, corresponding to lsoamylaname and para- 
hydi o\yphenylethylamme (as identified by Baigei and Walpole), may be 
isolated fiom putrid meat 

2 The formation of these substances m the intestine., by bacterial 
p u ti of action of proteins, is piobable, but whethei they are absorbed and 
leraam unchanged m the oiganism to be excreted as such in. the urine, is 
pioblematieal 

3 The isolation of certain pressor substances from noimal urme, as 
icported by Abelous and Bam, could not be confirmed by us 

4 Furthei, theie is no definite chemical proof that these unnary 
piessoi substances are isoanrylamme and parahydroxyphenylethylamme 

5 Furthei work on the presence of these pressor bases in the 
oiganism, and their possible i elation to certain cases of high blood- 
pi essuie, would seem highly desirable For this purpose some practical 
means for the identification and measurement of these substances must 
be developed The foimalm-titiation method, applied to suitably pie- 
paiecl unnary extiacts, offers an interesting possibility m this connection 

I desne to evpiess my evfcieme appreciation to Dr Joseph L Miller for the 
instigation of tins work and for his valuable assistance at all tunes during the 
course of it, to Dr S A Matthews for bis aid m the physiological expel unents, 
and to Di H Gideon Wells and Di Rolhn T Woodyatt for suggestions and help 

1017 South Alvarado Street 



A CRITICISM OF TWO PERCUSSION METHODS FOR 
THE DIAGNOSIS OF THE ENLARGED THYMUS 


EDWARDS A PARK, MD, and W C McGUIRE MD 

MAV XORK 

Bednar (1S52), Yogel (1S36), von Maji (1862) desenbed bneflj 
the peieussion signs of the enlaiged thymus Sahli 1 (1S82) fiist made 
an extensive stud} of these signs on living subjects Bhmiemeich 2 (1902) 
investigated the signs on dead subjects, eompamig the shape of the 
peieussion dulness with the exposed poition of the gland as levealed at 
the subsequent autopsies The pnnciples foi detei mining the thymus hi 
peieussion, as laid doun b} Sahli and modified and amplified by Blumen- 
leicli, hold to-day The} ha\e the confirmation of anatomical fact Theie 
have been advanced, howevei, tuo percussion methods foi the recognition 
of the enlaiged thjmus uhich lest on anatomical h}pothe=es The pie=ent 
papei is a discussion of the anatomical conditions undeilung these tvo 
methods 

While the methods of Sahli and Blumenreich are dnected at the moie 
exact determination of the outline of peieussion dulness, the methods m 
question — those of Jacobi" and Boggs 4 — aim at the deteimination of 
a movable dulness at the tlnmus site Jacobi and Boggs’ methods, then «■ 
aie ba«ed on the hypothesis that the thjmus is a movable oigan 

The theorj of the mobilit} of the tlnmus is not neu It had had 
advocates at least since the time when Giawitz (188S) became the expo- 
nent of the mechanical theoiy of thvmic asthma Some of the adheienfs 
to this tlieoiv oi tlnmic asthma (Rehn 5 ) have explained the dyspnea on 
the ground that dui mg expiration the movable thymus v as pushed up 
into the neck, during mspnation sucked back into tbe tlioiax against the 
trachea obstructing it m a valxelike mannei Othei exponents of this 
theoiy haxe held that ovung to the connection of the thjmus to the 
thjroid, the thjmus max be diaxxn upward into the nairow outlet of the 
thorax bx dorsal flexion of the head (the Inpothesis of Boggs’ peieussion 

" From the Pathological Department, New Yoik Foundling Hospital 

1 Sahli, Heiinann Die topogi aphische Peieussion im Kindesalter, J Dalph 
Bern, 1882 

2 \ Blumenreich, Robeit Ueber die Thymus Dampfung Vu eliows Arch f 
path Anat , 1000, clx, 35 

3 Jacobi Abraham In Modern Clinical Medicine, edited by Abiaham Jacobi 
D Appleton A Co New York, p 37 Diseases of Children (Footnote) 

4 Boggs, T B Percussion Signs of Persistent or Enlarged Thymus The 
Archives Ixt Med, 1911, vm, 659 

5 Rehn, L Die Thymusstenose und der Thymustod A’cli f klin Clin , 
1906, Kxx, 468, Cited by Gebelli, Beitr 7 him Chn , 1010, 1\\, 20 
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method ) and, thei c becoming ir edged, srv ells and exeits pressure Dui mg 
then operations tor tlie relict of thymic asthma, Helm, Erhardt, Alsbeig 
and ollieis have seen the thrmus bulge into the neck m expiration and 
<h«appeiu into the thoiax m inspiration, and lastly, Eehn has watched the 
up and down morements of the thymus m the thoiax by means of the 
tlnoioscope Jacobi and Boggs alone, so fai as we know, have based a 
method of thymus diagnosis on thy mus mobility 

Then respective methods hypothecate different movements of the 
tin mm While that of Jacobi presupposes a movement m an anteio- 
podcnoi direction, away fiom and hack against the anterior chest wall, 
Die meihod of Boggs piesupposes an up and doun movement m the long 
dnection of the sternum Eoi the diagnosis of the enlarged th} mm, 
Jacobi 0 places his subject on the back and pei cusses the normal thymus 
c ite foi resonance, on the supposition that the enlaiged thymus has fallen 
ava-'j fiom the antenor chest wall Then, with Ins subject lying face 
downy aid, he pei cusses the same aiea fiom underneath for dulness, on 
tbe thcoiv that the tin mus has fallen back against the antenoi chest wall 
The change m the charaetei of the pei cussion note coincident with this 
icveisal m postuie, Jacobi regaids as characteristic of the thymus gland 
Boggs 4 uses a moie complicated proceduie to detennine the enlarged 
tin mus He puts lus subject into the sitting position, depresses the chin 
(ovaid (be sternum and outlines the dulness “behind the manubnum and 
m the interspaces” He then letiacts the head toward the midlme of 
Bio back and lepeats the pei mission If the formei dulness is that of the 
thynius d will now he found “to have shifted upward, often as much as 
an inter space 01 more” 

Boggs explains the anatomical conditions underlying his method m 
Bic«c ivoids 

J he gland is attached by one 01 two suspensoiy 01 thyrothymal ligaments 

o ie low oi poles of the corresponding tliyioid lobes Otlienvisc the thrums is 

m s lgitlv hound to the surrounding tissues and is fiee to move m the dnection 

0 ie ong axis of the sternum If it is borne m mind that the thyroid gland 

>s 'J 1 111 n comie cted to the hyoid hone and fiom this to the mandible by moie 

i T oon * im,ous *’" ame nts and muscles, it is seen that a ligamentous chain 

T s 101,1 ^ 10 antoiioi pait of the lowei jarr obliquely dorvmraid and backwaid 
in the thrums 

Hunting now to the consideration of this theoiy of thymus mobility, 
we mar sar at the outset that theie are ceitara relations of the thymus 
n< latent Hruetin es nhich force themselves on the attention of the 
tpcia oi in the eonise of an autopsy, because thej obstruct his progress 
ieu oi instance, the sternum is lifted up by its lowei end and a view 
interi or of the thorax obtained from underneath, it is necessarily 

J B L, P' >,neo “ 
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seen that a fascial attachment exists between sternum and thymus, because 
this attachment mu«t be fieed before the sternum can be lemoved If 
an attempt is made to lift the thymus out of the thoiax, the pencaidium 
togethei with the heait and the diaphragm is lifted also It is often 
difficult to locate the plane of cleavage between the thymus and the pen- 
eaidium so close is their union, and when m the sepaiation of the two 
the left innominate vein is leached, it is often accidental^ cut away with 
the thymus, so fiimly adheient is it to the thy mus In order to become 
convinced of the truth of these statements it is necessarj merely to 
remove a tlijmus at autopsy 

The thymus is contained m a fascial sac, the capsule Between the 
outei suiface of the sac and the thymus a loose attachment exists Sui- 
geons 7 (Konig, Rehn, Alsbeig and otlieis) m then opeiations foi the 
relief of thvmie asthma have made use of this fact, that when the capsule 
of the thymus is opened a laige part of the thoracic poition of the thymus 
can be drawn up into the neck But between the outer surface of this 
sac and the thoracic stiuctuies a diffeient condition exists In fiont 
the capsule is attached to the sternum loosely At the sides, it is joined 
to the mediastinal pleuia Behind it is bound to the pencaidium so 
closely that it maj be said to be united to that stiucture, it is entangled 
about the left innominate vein and close!} joined to the sheaths of the 
gieat vessels Fascial prolongations may connect it with the trachea, 
bionchi and pulmonan veins Above, the sac is m continuity with the 
deep ceivical fascia It is important to note also m this connection that 
when the thymus is much enlaiged the attachments of its capsule become 
more extensive For example, m recorded cases m which the thymus has 
leached the diaphragm, the capsule has been found adheient tlieie 
While, then, the tin mus may be legarded as loosely fastened inside its 
own capsule, the capsule itself must be thought of as most mtimateh 
attached, not to one thoracic structure alone, but to all thoi a cm structures 
T1 e«e attachment 5 could not be moie universal nor those situated poste- 
riorly much turner, w r eie they of an mflammatoiy ongm It 1 5 theiefoie 
difficult to regard the thymus as a movable organ 

The thymus, then, according to Boggs, is “attached” bi “tin roth} mal 
ligaments” to the thjroid, and is m a “ligamentous chain” connected with 
the “mandible” Since the tin mus is m closei attachment to the pen- 
caidium than to the thyroid, and since the pencaidium is m turn attached 
to the diaphragm, and the diaphragm to the liver, w r ould it not be as 
reasonable to include the liver m this ligamentous chain attached to the 
mandible ? Or, m reply to the argument that the thy mus must be drawn 
up with the thyroid, since it is attached bv tliyi otln mal ligaments to the 

7 Holtz, Gerhard Die Ursachen des Thymustodes Beitr z Mm Clm , 1907, 

I\ 509 
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tlmoul, would it not be as reasonable to say that this might occur, veie 
not the' In ei piesent to weight the thymus down? The teim ligament 
]1W be a pioper term for the connections between the thymus and the 
thyroid, but the word gives to us an exaggerated impression of the -actual 
condition The connection between thymus and thyroid exists only m the 
deep ceivical fascia, which is stronger about the trachea than elsewhere 
Xoi can we agree with Boggs m his statement that the thymus is not 
oi ci lapped by the lungs, for the lateral and inferior parts of the thymus 
am alwais oveilapped by the lungs We have seen more than once a 
small tlmnus completely coveied by the lungs The descnption which 
Boggs gues of the anatomical conditions supporting his theory seem to 
u c io coniej a false impression 

Foi the same reasons we think that Jacobi’s conception of thymus 
mobility m the anteroposterior direction is nntenable 

We have investigated the truth of these methods m a senes of twenty- 
nine autopsies performed at the New Yoik Foundling Hospital In each 
ca c e a u radon u as cut m the upper part of the manubrium , the pleura 


nas not ruptuied The thymus could be inspected through this window 
With the body m a dorsal position, we invariably found the thymus m 
close apposition to the sternal wall It could not be pushed back easily 
I Ins finding is exactly opposed to Jacobi’s theory On performing Boggs’ 
piocedme exactlv as performed by Boggs himself on the living subject, 
it vac no=sible to observe that the thoracic portion of the thymus does 
not mo\e In some of the cases, by extreme retraction of the head, the 


nppei. superficial parts of the tlioiaeic portion of the thymus might he 
c ti etched upward a distance of 3 mm But the middle parts remained 
csscntialh immobile By exerting a powerful traction upward on the 
In aid bone, the entire thymus could be pulled upward 2 or 3 mm , but it 
eai i me! with it the diaphragm, pulling the costal margins m 

But even if the thymus were movable and could be drawn np, the 
ovei bolder of thymus dulness would not be shifted upward, provided 
t )c lung margins remained fixed Boggs evidently conceived of the 
minis as hung, biblilce, m fionl of the lungs, else how could he assume 
nat the low er bordei of thymus dulness vanes with the degree of eleva- 
unn of the tin nras ? In reality the lower and lateral parts of the thymus 
nn( l anc ^ below the lung margins which, sepaiated from each other 
* )m ° * nee ^ ^be level of the second or thud nip demai eating a Y-shaped 
'^ Ca 01 ^binius tissue between them This uncovered Y-shaped area lies 
Th ^be manubrium and represents the percussion area 
the 1 °" Cr of the thymus dulness does not, therefore, coincide with 
30r ^ G1 ^ ie tlmnus, but corresponds to the margins of the 
Jmnr ^ 0Tver b°vder of tlmnus dulness rises when the 

lawn ii pv aid is actually no moie reasonable than would be 
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tlie idea that the waistcoat opemug would be shitted upuaid if the shut 
is diawn upwaid by the neckband Tt i« tine that a pail of the shut, 
pieviously below the level of the waiseoat opening, by this piocedurc 
would be laised above it and come into view So paits of the thynus 
pieuously below the level of the V-shaped opening foinied b) the lung 
maigins would be diawn up into the peieu^sion mca but the portion of 
the lowei boidei of tliynus dulne^s would not be changed so long as the 
lung maigins remained stationai) 

How are the obsenations ol Jlehn, Alsbeig and olheis of the move- 
ments of the th) mus oceui i mg dnnng then operations to be explained ? 
Our answei to this question must be theoietical, for we have nevei seen the 
phenomenon desenbed by them We should suppose that the movement 
consisted chief!) m a suction of the conical poition of an enlaiged th)nius 
into the tlioiax dining inspiration, with its leturn dining cxpnation — 
that such is the case lathei than an expulsion of the thoiacic poition of 
the thymus into the neck Since m obstiuctive d)spnea some of the 
movable stiuetuies of the neck aie pulled down tow aid the cant) of the 
thoiaxy among them the tiachea with the tlnioid it could be conceived 
that the cervical pait of the thy nus capsule might also be earned down 
into the tlioiax This appeals to have been actuall) so m a case repoited 
by Rehn As a matter of fact, it is compaiatnely eas) at autops), by 
catching the thoiacic poition of the thymus with the foiceps, to diaw 
down the cervical portion into the tlioiax It ma) also be that the th)mus 
can be displaced inside its own capsule, sti etched fiom one end of it to 
the other by the changes m mtiathoracic pressuie In violent dyspnea 
the thoiacic organs as a whole may to an extent use and fall with the 
movements of the diaphragm 

If the methods of Jacobi and Boggs cannot be explained on the basis 
of a movable thymus, how may they be explained otheivvise? The van- 
ables m the uppei thorax are the lungs We know that Boggs’ procedure 
raav increase the anteroposteuoi dimensions of the thorax at the level 
of the manubrium To compensate foi a loss of sjiaee somewheie else 
the lung margins ma) be foicecl furthei upwaid over the tliynus If 
this advance of the lung margins upwaid oecuiied as the result of Boggs’ 
maneuver it would explain Ins “shift of the th) mus dulness” upward 

Our conclusion, then, fiom an anatomic study of autopsy cases is that 
percussion methods of the thymus, based on the theoi) of thymus mobility, 
are founded on a false anatomical hypothesis 



PELLAGEA IN ILLINOIS 

COXDrXSED REPORT OP ILLINOIS PELLAGRA COMMISSION 
( Concluded fiom page 16S ) 

Casl G — Pellagia m a Man Suffering from Senile Dementia Death m Thiee 
Months without Symptoms of Gential Neuiitis 

Jlistoiy — A J B, -while male, faimei, 66 yeais of age Nothing is known 
of las previous lnstoiy He was admitted to the Peoria State Hospital from 
the Sokhei’s Home at Quincy, Illinois, Nov 1, 1910 At that time he was obese 
and somewhat feeble, with exaggeiated knee-jerks but flexoi plantar reflexes 
Mentally lie showed complete loss of memoiy for recent events, ivas irritable and 
pceush Consideied to be sufleung fiom senile dementia 

In June, 1911, he was found to have a well-marked pellagious ei uption on the 
hands, with some desquamation Fiom tins time he rapidly lost flesh and became 
nioie and moie dull, although the specific symptoms of pellagra disappeared, and 
he died without any definite symptoms so fai as can be diseoveied of central 
neuritis, Sept 11, 1911 

At the autopsy evidences of healed tubeiculosis m the lungs weie found and the 
hvei was descubed as being much engoiged, its appeal ance suggesting almost a 
nutmeg condition, but its weight w r as only 44 ounces The lieait was tlun and 
flabby and no definite changes weie noted m the kidneys 


MICROSCOPIC EXAMINATION 

Lnei Mici oscopically the livei show’s slight mciease m the amount of 
i iioiib tissue the capillanes aie engoiged, especially neai the mtialobular veins 
J U . . lcrc arc SI1U1 ^ scattered islets of small-celled infiltration m the portal canals 
a } ( ^generation is extremely marked, involving the outer layer of cells of each 
0)U c am ceasing a little less than half way to the central vein With osmic 
cm all the lobules aie clearly marked out by the black stain 

.V n ?' s /* le kidneys show maiked mciease of fibrous tissue and a few 
In nii SU ? a P su 11 c wts r Jhe vessel wmlls aie thickened and m many places show’ 
nifi on c ,an 8 es Small liemonhages are piesent in some glomeruli In the 
'uid in'Tn la ' s lna,, y °f the tubules appeal to have undergone a hyaline change 
it dons nr C0I "h R 0 y occluded This maternal suggests a laidaceous change but 
11 ‘IT not sho " «.e cliai actei istic staining reactions 

laris ::,r ni0nalS Sr nuu ^ e( t tatty degeneiation especially m the zona reticu- 
les mniinl G! ?i C< 1 COn ^ ains ^ ar S c fat dioplets Fatty changes aie present but 
rhno-cs in ,J n ascici, lata and still less so in the glomeiulosa Small hemoi- 
’ilie imJr , efeCn i ln a * brs Cls an< t t^ ic central veins aie engorged with blood 
i linger S l0 " S moc * eia t e mciease of fibious tissue and a few small liemor- 

cl.romntol\ S «ne\!^° I i 1 tbo neivous system the changes aie extieme Similar 
ti\ to those fnn "j 0 ' 1 0 l 5 P e ciallv the giant pyramidal cells of the precentral coi- 
Mtnad clmruu, ^ >G °* ber casGS as well as fatty degeneration of a most w’lde- 

glu celK osneeinllv P « SPnt * ?? besule<3 thls theie 1S a maiked overgrowth of 
anrkedh tluehoi i and penvasculai cells The arteries aie 

tolled iiifiHr'iLnii^nf ^! U1 ^ US CaSe * beic ls n Aei J r model ate degiee of small- 
ether (iso e\i n „ >1 ‘^N ssel s ^ le aths thus foimmg a decided contrast to the 
< vpu -toner «, n * U(< ’Either studv of this nervous ststem is needed before 

cited oi«o 0 f 011 * be ladings but it cannot be legal ded as an uneomph- 

v I'frfoirne.l boon *f- a fed on page 147 that the woik on Protozoa 

moa in Captain* <?ilor and NiclioH 
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Casl 7 — Pellagra m a Man Suffering fiom Chronic Alcoholism Right Hemi- 
plegia ihith Paraphasia and Left Paiapraxia Later also Weakness of Left Side 
Hist 01 y — C C , white male, ice handler The patient has been healthy but 
a heavy drinker for years In September, 1910, at the age of 51 it was noticed 
that his memory was defective and he seemed dazed and confused This was 
thought to be due to alcoholism and he was sent to the Peoria County Pooi Farm 
His appaiently stupid condition continued until eaily in January, 1911, when he 
became lrntable, noisy and seemed to be worried 

Examination — He was admitted to the Peona State Hospital January 25, 
1911, when he was found to have arteriosclerosis, a slight right hemiplegia with 
exaggeration of leflexes on that side, paraphasia, and parapiaxia of the left side 
In April, 1911, he developed pellagrous lesions of both hands with some 
diarrhea At the same time he began to lose flesh The eruption had disappeared 
by early June but he continued to fail m general health At the beginning of 
June he became veiy weak and seemed to have had some further ceiebral insult, 
the left side being said to be weakened At this time the leflexes weie markedly 
increased on both sides and there was a bilateral Babmski phenomenon He con 
tmued to lose stiengtli and weight lapidly and died July 30, 1911, without having 
had any convulsive phenomena 

Ncciopsy — The neciopsy was performed seventeen hours after death and 
showed as follows Marked atrophy of the cortex, especially in the frontal 
regions, but no gross lesion even when sectioned aftei haidemng Dense adhesions 
obliteiatmg the pleural and pericardial sacs, with clnonic posterior mediastinitis 
Hypertiopliy of the left -ventricle with atlieioma of coronal ics Livei engoiged 
w ith blood and firmer than normal Spleen and other v iscera engoi ged Kidnevs 
showed no definite changes No ulceiation found in the intestines 

•MICROSCOPIC EXAMINATION 

Livei Micioscopieally the liver show’s no thickening of the capsule but 
theie is a small celled mfiltiation of circumscribed character lieie and there in 
the poital canals in places almost outlining a lobule The capillaries are engorged, 
especially towaids the central veins Fatty degeneration is slight but wlieie 
present is m the cells at the periphery of the lobules It is less in amount than 
that of ary of the cases so far studied, a careful seaich being necessary to find 
the areas in which it occuis 

Spleen The spleen show’s increase of fibrous tissue with small hemorrhages 
Intestines Small intestine shows infiltration of the mucosa and submucosa 
with leukocytes and in places small hemorrhages 

Neivous System The examination is as yet very incomplete but the following 
facts are noteworthy 

Nerve Cells These have so far been studied with tluonin staining only m the 
anterior regions of the biain Chromatolysis of axonal type is verv maiked m 
the giant cells of the precentral region Many of the laiger pyianudal cells also 
show similar change This process is more marked in the sections m the anterior 
poitions of the precentral gyri wheie many of the smaller elements aie also 
affected Pigmentary degeneration of a fattv natuie staining well with Scharlach 
is extremely widespread and involves many of the smallei cells as well as the 
larger ones 

Glia and Vessels The glia nuclei are modeiately increased, the satellite cells 
are quite numerous and there are often rows of, nuclei along the w'alls of the 
vessels The vessels themselves show considerable hyaline degeneration of the 
intima witl hyperplasia of the adventitia Scharlach staining shows that many 
of the cells m this position contain fat droplets The perivascular spaces, how 
ever, are not infiltrated with lymphocytes or plasma cells and there is nothing 
m the picture to suggest a parasyplnlitic condition 
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Case S Unhappy Mamiage with Poor Adjustment Spells of Moping and 

Mutism Intestinal Symptoms Shortly Followed "by Manic Excitement, and Three 
oj Four 11 eels Later ly Stomatitis and Pellagious Dermatitis Increasing Rest- 
lessness, Severe Diairkea with Rapid Emaciation and Death m Two Months 
D S , white female, a housewife and bakei by occupation, 42 years of age 
Family History — Incomplete The mother and her relatives are said to have 
been weakly and to have died young No insanity known 

Personal History — Nothing known of her earlier life She was marned m 
18% and has never been happy Accoidmg to her husband she was always shift- 
less and careless about her household duties and has been cranky, nervous and 
dissatisfied The patient’s relatives blame the husband for the discontent and 
general unhappiness She is said to have been quarrelsome with her neighbors, 
inclined at times to mope and lefuse to talk There have been three children, 
tno normal, while the third died at the age of three weeks In 1909 the husband 
left her and states that she did not succeed with the business, owing to her shift- 
lessness 

She has always lived m Haxana, Mason County, 111, and has worked m the 
bakery business owned by her husband since marriage There has never been any 
f'rancial difficulty and the patient has always had plenty to eat 

Present Illness — In January, 1911, the patient began to suffer with gastro- 
intestinal disturbance About the middle of April she is said to have become 
“maniacal ” At the beginning of May a sore throat developed, the tongue and 
gums being very red, and at the same time her hands became discolored and 
“bruised,” due as was thought to the use of mechanical restraint 

She was admitted to the Peoria State Hospital June 2, 1911, when she pre- 
sented marked coppery pigmentation with roughness and scaly desquamation of 
the shm of the dorsum of the hands and forearms, extending upwards to the 
junction of the middle and upper thirds This area showed a well-marked line 
of demarcation and was entirely symmetncal on the two sides The skin over 
the knuckles was rough and heaped up hut without fissures The tongue was 
itddened and denuded at the tip aud there was severe diarrhea with loose, 
c densne stools 

Examination — The examination w T as rendered unsatisfactory by the extreme 
lestlessness of the patient She was constantly talking, clapping her hands and 
singing, snowing marked distractibility, with sound and motor speech associa- 
tions When alone she was constantly busy, tearing up her bed and bedding, 
jumping out of bed, showing all the appearances of a happy excitement The 
excitement was readily increased by the presence of others and m answer to 
question she said she “felt fine,” “I am an angel ” Her “husband was extremely 
rich, had a ’white automobile with gold trimmings,” etc No evidence of hallu- 
cinosis was obtained Distractibility rendered orientation impossible 

hjsieal examination was incomplete hut the knee-jerks were found to he 
exaggerated and it was suggested that the pupils did not react well, but there were 
no other facts on which to base any diagnosis of general paralysis of the insane 
ie extreme restlessness continued with but little sleep Diarrhea persisted 
am emaciation and exhaustion were progressive Death occurred Julv S about 
two months after the onset of the first symptoms 

I emission for a post mortem examination was refused 

IT ANIMAL EXPERIMENTATION 

Much time lias been devoted to the attempt to transmit pellagra to 
ewer annuals On the advice of the late Dr. Howard T. Ricketts, rhesns 
inon c\s bare been nsed m the mam All results have been entirely 
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negative, so that it will suffice to summarize the expenments which have 
been peifoimed 

1 Twelve monkeys have been inoculated eithei subcutaneously or 
mtiaperitoneall} with dcfibnnatcd blood obtained fiom patients suffeung 
fiom pellagia m the recent or subsiding stage (In one of these the case 
was probably not pellagia ) 

2 Three monkeys have been mooted subcutaneously with the filtiate 
obtained b} passing the blood of pellagrins through Pasteui oi Berkefeld 
filters 

3 Tw'o monkejs were given hypodermic injections of the blood scum 
obtained from human pellaguns Of these one was hist filtered tluough 
a Berkefeld filtei 

4 Three monkevs received injections of cci cbiospinal fluid obtained 
fiom pellagrins Of these one was piocuied post moitem and given sub- 
cutaneouslj, m the other two the fluid was diawm dui mg life, one being 
injected into the subcutaneous tissues and the other into the peritoneal 
eavit\ 

5 One monkev has lecened subcutaneous injections of an emulsion 
of spleen obtained fiom a human pellagim 

6 Four monkejs have been fed foi long pcnods on a sluci corn diet, 
and of these one ha« also received extreme!} mould} corn meal while one 
has been fed with a bacillus (Strain 67), obtained fiom the stools of 
pellagrins showing ceitam agglutinating relations with pellagious blood- 
serum, and moie fully detailed above 

7 One monkey has been fed with extiemel} mold} com meal together 
with bacillus bfo 67 

S One monkey and one guinea-pig weie inoculated subcutaneously 
wuth bacillus No 67 

9 Twentj-tlnee guinea-pigs were inoculated oi fed with extiacts from 
moldy corn mea 1 

10 One monkej and one guinea-pig weie inoculated with a bacillus 
isolated from the blood of a human pellagun 

11 One kitten xeceived pei lectum an emulsion of a stool fiom a 
pellagrin containing numerous living amebas 

12 Three monkeys have been led with the fecal mattei of pellaguns 
containing living amebas 

At this point it would be well to call attention to a phjsiological 
condition occurring m rhesus monkeys which does not appear to be 
generally known During early liie the skin of the perineum is white or 
bluish-white, but on reaching pubert} these annuals develop a vivid red 
color m this legion similar to that which is well known m the closely 
i elated species of baboon This eijthema vanes m degiee fiom time to 
tune and seems to bear some i elation to the menstrual functions When 
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at it« height it is accompanied by marked edema and involves not only the 
perineum, but also the genital folds extending sometimes upwards to the 
low ci pait of the abdomen, downwards on the mnei surfaces of the thighs 
and mound the anus to the loot of the tail 

By a eimons coincidence a nnmbei of 0111 monkeys developed this 
enthema, as indicated m oui prelimmaiy lepoit, at a more or less definite 
mteival after they had been inoculated, and we weie consequently inclined 
to attach some significance to its occunencc The condition is very much 
inoi e marked m the female than m the male, but we ha\e seen some 
examples m the lattei which veie veiy distinct Appaiently one of the 
mam leasons foi its occui renee not being moie generally 7 known is that 
the animals, in captivity, fiequently die befoie reaching maturity 7 


V COMPLEMENT FIXATION EXPERIMENTS 

This work was earned out by Di J Frank Waugh and is bnefly 
absti acted by linn as follows 

The technic of the test w as that desenbed by Noguchi An alcoholic 
c\ i act of the livei fiom a pellagrin and a similar extract of the liver 
i°m a monkey which was killed foity-one days after the appearance of 
ie erythema lefened to aboie, weie used as antigens 
lift) -two c eia fiom pellagrins which were tested with an alcoholic 
' ' ° mmnn pcllagia h ^ er antigen resulted as follows thuty-four, 

' ’ J/l ‘ pei cent 3 gave a mildly positive leaction, twenty-eight, oi 34 %s 
( l!!i CGn * "f 10 negailve ^ lve normal <=eia 1 'iom persons who came m 
o unniT aC / AUtl !, the Pcllagl0us P abents Pioved to be negative, with the 
fiom r><iL° n 11G WaS ml ^ Y l 30Slplve Tim teen specimens of blood 
foin coll f ° T + lan pebagia AVeie nsed as conti ols Among these weie 
Fonitr» J ° m 110 « C pa ^ 1Gn ^ ? ’ one wblcb gave a mildly positive reaction 
,S K * CU Se ' a fl0m pellaglms Mcie tested with monkci-lnei antigen 
" ° a 1,osltno faction, exght being negative 

the cmlPcnVfT V' C1< ^ T ' 1 ° n eighteetl seia fl0m monkexs Seven of 

lt ,w C , “f nolln" kC w Wd bCGn ln0clllated " 3th blood fiom well-marked 

nnh«cn« ° U1 °* tlie Scla gave a P°siti\e leaction with both 

mirn.iKimn, 11 weie negatne Foin of the specimen* weie fiom 

ii'omhiwl w.n T 111511 kMl peimeal asthenia, but which had not been 

ecu to L! I™ 11 ailtlgGn "° nC " as monkei anti- 

f,om men] 0 , P ° S,t ! N0 h '° n °gative Scion of the specimens weie 

immem n ° ,ma1 0ne " a ' e a P osltl ' e lonction with both 

j ' " lulc q i\ w cie negatne 

no invf.uKe w !c° f l ,Un ° h ' ,s AAas 011 partial m all the positne cases Tn 

hutu but o\in /° ie a i I0Ug lcactl0n Pucb as we get m lues when a 
> 'u extract w u«ed a* anturen 

« 1] °/ thei ° t0StS ai ° * Uon - h c uggestn e further wmk 

„ u =™, r1 ™™’Hraie aMlm o. not a .pacific loacl.on i. 
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VI CUTANEOUS ANAPHYLACTIC TESTS 'WITH COEN EXTRACTS 

This woik was earned out by Aithur D Hnschfeldei, MD, Balti- 
more, whose complete repoit follows 

The zeistie history of pellagra, as enunciated by Lombioso and v 
Babes, 5 6 that “Pellagia is to be considered as a chionic and periodical^ 
occuri ent intoxication, which is due to a specific substance foimed m moie 
01 less spoiled corn, 55 is founded more on statistical evidence than on 
clear-cut expenments Lombioso and subsequent workeis, it is tiue, have 
isolated fiom corn toxic pioduets which have some action on the nenous 
system of dogs, and v Babes and Manicatide claim to hay e prevented this 
action m rabbits b) injection of blood seium fiom a cuied pellagrin On 
the other hand, compaiatnely little has been done to test the sensitiveness 
of pellagia patients themselves to substances denved from corn 

If the zeistic theoiies of pellagia weie coirect, it seemed possible that 
the chionic corn intoxication piesupposed by Lombroso and v Babes 
might be accompanied b) a condition of an aph} lactic hypeisensitnenpss 
to products derived from com, 01 peiliaps only from spoiled com The 
piesent series of obseivations was undertaken, accoidmgl}, with a uew r 
to detei mining the piesence 01 absence of such sensibility 

Since, v Pirquet' 1 has demonstrated that the cutaneous leaction 
affords the most delicate means of testing anaph} lactic sensitization m 
man to tuberculin and other substances Quite recentlj, Kufus Cole and 
W S Tliajer weie able to demonstrate hypeisensitization to buckwheat 
infusion m a case of fagopjnsmus lepoited by H L Smitu 7 They 
found that if a chop of buckwheat extiact weie rubbed into a portion of 
the skin from which the epideimis had been lemoved by scratching, an 
urticarial wheal and general constitutional symptoms appeared within 
half an hour 

Since certain analogies between pellagia m man and fagopyrismus 
in animals had been recognized for decades, it seemed possible that a 
similar anaphylaxis to corn products might be met with m pellagrins 
It seemed possible also that such a reaction, if positive, might be of 
importance for the diagnosis of pellagia 

In these observations, cutaneous tests weie made with substantially 
the same technic employed by v Pirquet, except that corn extiacts w r eie 
substituted for tuberculin m making the test 

5 Lorabroso, C Die Lelire von der Pellagra Aetiologisclie, klmisdie, und 
propliylaktische Untersucliungen Trans! by H Kurella Berl, 1898,v Babes, V , 
and Sion, Y Die Pellagra Nothnagel’s Handb d spez Path n Theiap Wien, 
1901 

6 v Pirquet, C Tuberkuhndiagnose durcli cutane Impfung Berl klm 
Wchnsclir J 1907 

7 Smith, H L Buckwheat Poisoning, with Report of a Case m Man Tnc 
Abchives Int Med , 1909, m, 350 
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The pioceduie was a follows 20 gm of coin was extracted with 50 
cc of ether, alcohol, 10 pci cent A T aCl, oi 0 2 pei cent NaOH The 
extiact was filtcied and 1/10 ml 5 pei cent caibolic acid added to the 
cleai filtrate, so as to give it a content of 0 5 per cent caibolic acid The 
etheieal extiacts were allowed to evapoiate at 4.6 C, until the odor of 
ether had disappeared 

The site chosen foi the test was an area on the patient's wust which 
was subject to pellagrous pigmentation, thickening or desquamation, 
and, m the most cases, was bare, so as to be exposed to the action of 
light A diop of the extiact to be tested was placed on the skin and a 
pinhead area of epidermis beneath the drop was exconated by the toision 
of a v Pnquet stylet Into this exconated aiea the extract was rubbed 
with a glass rod A series of epidermal punctures w r ere made in this way 
m a line acioss the worst, with another line of duplicate punctuies above 
them In each senes there weie a pail of conti ols, m which only the 
pure HaCl oi NaOH solution oi alcohol was placed on the skin 

Within half an hour after the punctuie, a small led oi sometimes 
blanched aieola, and occasionally a small papule, foimed about the site 
of inoculation, but m only one case did these exceed 5 mm in size, and 
no differences could be noted between the areas about the punctures with 
com extracts and the controls The reactions m sites which weie nearest 
the middle of the forearm weie often slightly moie maiked (areolas about 
1 mm largei than the rest), but these reactions weie always quite as 
marked with the conti ol fluids as with the extiacts, and hence were of 
little significance 

The reactions, which w T ere legal ded as negative m all cases, consisting 
of simple traumatic reactions, w r eie watched foi about half an lionr, and 
the sites of inoculation were again mspeeted three hours, twenty-fonr 
hours and foity-eiglit liouis latei, as w r ell as at frequent intervals between 

Extracts were made fiom samples of good com, spoiled corn taken 
from the Arkansas Insane Asylum at the time of a pellagra outbreak, 
and a sample of spoiled com containing Aspei gillus fumigatus The 
extiacts of the latter weie filtered through a Beikefeld filter m order to 
avoid the dangei of inoculating the aspergillus Other extracts were 
made from the appaiently excellent com meal used at the Peoria State 
Hospital foi the Insane at the time that pellagra w r as breaking out 
tin ougliout the asylum, and when a number of cases of acute pellagra 
were developing Tests were made on thirteen cases of well-defined 
pe lagra diagnosed by Di George A Zeller and confirmed by Drs Singer 
and Macifieal of the Illinois Pellagia Commission 
^ These reactions w r ere all negative Just before leaving Peoria, a 
sample of spoiled corn xvas obtained which had been rejected by the 
asylum and sent out to the hog farm over a year previously Extracts of 
\ 
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tins com weie inoculated into si\ patients with subacute pellagia The 
effects were ob*eived foi tin oe hours after inoculation, but weie unifoimlj 
negative 

In older to detemnne whethei the piesence of antibodies foimed m 
a pievious attack of pellagia might cause the leaction to be given b\ 
poisons who had been afflicted with the disease m the prenous 3 ear but 
who weie free fiom symptoms at the time of inoculation, obsenations 
weie made on se\ en such patients In all cases the lesults were negative 

The results of these tests, tlierefoie, rendei it mipiobable that pellagia 
is due to 01 accompanied b} a condition of Ipper^ensitneness of the 
mdmdual to pioducts derived fiom good or fiom spoiled corn 

I take pleasure m expiessmg m3 thanks to Di George A Zeller and 
the Illinois Pellagra Commission foi placing at 1113 disposal the patients 
and laboraton of the Peona State Hospital as well as to Dr Carl 
Alsberg of the Bui can of Plant Industi} for furnishing samples of good 
and spoiled com 

VII DIETARY STUDIES 

In view of the alleged lelations between pellagra and deficiemw m 
food both as regai ds quanta and quaht3 the follow mg points have been 
submitted to stud3 

1 The nutritne lalue of the general diet supplied to the inmates of the 
Peona State Hospital the institution whole the largest number of cases of pel- 
lagra developed 

2 A rough estimate of the lelatne amounts of meat used in the different state 
hospitals 111 comprrison with the prevalence of pellagia 

3 The quahtr of coin m use at the state hospitals and elsewheie In connec 
tion with this e\pei lineiits ha\e been made to determine the toxiciti of some 
samples of molcb coin 

4 A companson of the effects of an excessive coin diet with one which was 
fiee or piaeticalh so fiom maize pioducts An anal} sis of the excessne corn 
diet has been earned out and a rough compaiative estimate of the nutritne i alue 
of the coin-free diet used 111 this expenment was also made It was unfortunately 
impossible undei existing conditions to mate this estimation moie complete 

1 P01 the stud\ of the geneial diet at the Peona State Hospital a 
gioup of 1 epresentative patients, about fiftv-tliice m numbei was selected 
The quantities of food which the}’ actuall}' consumed during a period of 
seven da} r s weie aecuiateh determined b} weighing the total food sened 
and food left uneaten Bepresentative samples of the food used weie 
taken and analyzed foi piotein, fat carbolpdiates mineral matter and 
phosphorus The eneigi values w r ere calculated The results of this 
stud3 r are summarized m Table II As far as possible tlie samples weie 
composited Thus the samples designated animal foods repiesent foods 
cluefl} r of animal 01 igm 1 e , meats and cheese , vegetable food foods 
clnefty of regetable origin, 1 e, fiuits, cereals potatoes and othei vege- 
tables , bread breads cake etc mixed foods, food containing appreciable 
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quantities of both vegetable and animal matenals, 1 e, puddings The 
otliei samples consisted of the materials their names indicate By waste 
food is meant the food left on the tables and plates, which was m such 
condition that it could not be separated This was collected and analyzed 
and its nutritive values deducted fiom those of the total food used m 
computing the quantities of food and nutrients actualh consumed 

The distribution of the nutnents among animal and vegetable foods 
has been calculated and is summarized m Table 15 Such classification 
however, is not absolute, for the samples ueie taken from cooked foods 
which contain matenals derived fiom both sources Nevertheless, the 
figures probably represent the true chaiactei of the diet 

Table 15 — Distrib 


Laboratory No 

Food Materials 

Fiesh Food 

Drj Substance 

Protei 

Quan- 

tity 

kilos 

Per 

cent 

of 

Total 

Pei 

Man 

per 

Day 

gms 

Quan- 

tity 

kilos 

Per 

cent 

of 

Total 

Per 

Man 

per 

Day 

gms 

Quan- 

tity 

gms 

Pe 

cen 

of 

Tot 

20,039 

Animal foods 

33 53 

5 84 


18 75 

7 92 


8,188 35 

28 

20,044 

Milk 

24 07 



2 74 

116 


75098 

2 

Total animal foods 

82 60 

8 24 

222 44 

21 49 

1 

57 86 

8,939 33 

30 

20,040 

Vegetable foods 

374 81 

37 38 


73 42 

1 


7,008 95 

24 

20,041 

Bread 

134 17 

13 38 


90 85 



11,391 03 

39 

20,043 

Coffee and tea 

294 36 

29 35 


3 30 

139 


117 74 

0 

20,047 

Syrup 

26 44 

2 64 


20 53 

8 68 


42 30 

0 

Total vegetable foods 

829 78 

82 75 

2,234 61 

188 10 

79 49 


18,56002 


20,042 

Mixed foods 

77 31 

7 71 


15 04 

6 36 


1,515 28 

5 

20,045 

Buttenne 

12 48 

124 


11 34 

4 79 


54 91 


Total mixed foods 

89 79 

8 95 

241 81 

26 38 

1115 


1,57019 

5 

20,050 

| Salt 

0 65 

m 

175 

0 65 


175 



Total food used 

1,002 82 


2,700 62 

236 62 


637 22 

29,069 54 


20,049 

| Waste food 

53 86 

5 37 

145 05 

15 12 

639 

40 73 

1,771 88 

6 

Amount actually consumed 

948 96 

94 63 

2,555 57 

22150 

93 61 

596 49 

27,297 66 

93 


2 When the work of this commission was planned it was hoped that 
it would be possible to study the general diet at each hospital m the same 
mannei as that actually carried out at the Peoria State Hospital This, 
however, has unfortunately been found to be impossible owing to lack of 
time and assistance The findings at Peoria detailed m the last section 
levealed deficiency m the amount of animal protein served to each patient 
Since the mam source of this constituent was provided in the meat it 
was thought that a comparison of the meat supplied to each institution 
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daih pei capita might affoid some sort of basis foi conclusions as to the 
quantify of animal protein at the other hospitals In Table 16 is slioivn 
the aveiage daily amount of meat in ounces supplied to each individual 
including both patients and employ ees 

In consideimg these figuies it must be lemembered that the weights 
repiesent almost entnely uncooked and undiessed meats Secondly, the 
employees, while being absolutely fewei m numbers leeeue relatively 
much largei amounts of meat It would be quite impossible to d etei mine 
exactly what the lelative propoition is, and since the piopoition of 
employees to patients is approximately the same m the diffeient institu- 
tions it is quite permissible to make comparisons on the figures as they 


Is utbiekts— General Diet 


Carbohydrates 

Fat 

Fuel Value 

Ash 

7 “ 

Phosphorus 

Quan 

Per 

Per 


Per 

Per 

Per 

Per 


Per 

Per 


Per 

Pei 

cent 

Man 

Quan- 

cent 


cent 

Man 

Quan- 

cent 

Man 

Quan- 

cent 


tity 

mm 

per 

tity 

of 

per 

of 

pei 

tity 

of 

per 

tity 

of 

pei 

Rms 

Total 

Day 


Total 

Day 

Total 

Day 

Total 

Day 

Total 

Day 


mm- 

gras 


gms 


Color’s 

gras 


gms 

gms 


gras 

2,101 21 
1,19387 


■ 

7,216 75 

32 39 




1,240 S4 

1317 


94 82 

22 05 

0 26 

068 


61619 

2 77 




178 12 

189 


22 64 

5 26 

0 06 

129510 

187 

8 87 

7,83294 

3516 

2109 

11 63 

319 

1,418 96 

15 06 

3 82 

117 45 

27 31 

0 32 

00,9-14 11 
77,01358 
2,914 16 
20,139 35 

34 63 


1,386 80 





4,085 43 

43 37 


153 67 

35.74 

0 41 

4376 


845 27 

3 79 




1,596 62 

16 95 


127 4b 

29 64 

0 34 

166 
11 44 


88 31 
18 51 

0 40 
0 08 




176 62 
330 50 

187 
3 51 


185 

0 43 

0 01 

101,01120 

9149 

433 61 

2,338 89 

10 49 

6 30 

72 58 

1,991 

6,189 17 

65 71 

16 67 

282 98 

65 81 

076 

11,08154 

6 64 


1,097 80 

4 93 




749 91 

7 96 


27 83 

6 47 

0 07 

11,081 54 



11,008 61 

49 41 




41184 

4 37 


175 

0 41 

0 01 

6 64 

3146 

12,106 41 

54 34 

32 60 

15 79 

4)3 

1,161 75 

12 33 

313 

29 58 

6 88 

OOS 

175,987 84 








648 37 

6 88 

175 




10000 

473 94 

22,278 24 

100 00 

60 00 

100 00 

2,743 

9,418 25 

100 00 

25 36 

430 01 

100 00 

116 

10,991 10 

6 25 

29 60 

1,570 90 

7 05 

4 23 

• 6 38 

175 

791 10 

8 40 

213 

31 12 

7 24 

0 08 

104,996 74 

9375 

444 34 

20,707 34 

92 95 

55 77 

93 62 

2,568 

8,627 15 

91 60 

23 23 

398 89 

92 76 

1 07 


stand It will be noted that theie is a big mciease m the Peona figures 
bety/een the first three yeais and the fourth In part this was due to an 
ac ual increase in the amount of meat supplied to each patient, but it is 
m pait to be explained by the fact that duiing this period many of 
ie attendants yvho used to live off the grounds of the hospital have been 
required to take up then residence within the institution 

Tie actual analysis of the food at the Peoria State Hospital was made 
^ ie ^ our th period, July, 1910, to July, 1911, so that this figure, 
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8 2, must be used as a basis of comparison Fiom the lesults of the 
anah sis we aie loicod to conclude tliat the animal protein constituent of 
the dietai} piouded at all the state hospitals, with the possible exception 
oi that at Jacksonville 1 3 * 5 ceitamly small 

The pcnod of obseivation has been too short and the data aie 
obviously too incomplete in justify am conclusions It may, however, be 
noted that the numbei of cases of pellagia has diminished at Poua 
and Dunning coincident!} with mci cased meat supply, wheieas they have 
appaienth incieased at Elgin with diminished meat This may be a 
mattci of pine coincidence, but is woithy of fuithei investigation 


TAurr 1G — Avmw.i Daiiy Amount or Mut in* Ouxcrs SurriarD to Even 
iNoivnwAr, jNrrumNa Both Patients vnd Employees 



Juh, 1007 
to 

Juh, 1008 

July, 100 S 

to 

Tuly, 1009 

Juh, 1900 
to 

Juh, 1010 

Julv, 1910 
to 

July, 1911 | 

Avei age 

Peoiia 


OS 

50 

S2 

G 3 

Anna 


100 

10 G 

ns 

10 65 

Chcstci 


5 0 

4 5 

64 

5 G 

Elgin 

7 1 

77 

6!) 

5 0 

G 9 

Tackfeomillc 

10G 

10 0 

11 3 

10 5 

10 8 

Kankakee 

87 

7 S 

SO 

82 

S 2 

Wale. ton n 

S 2 

70 

S 4 

I S3 

82 

Dunning 

l) 5 

G 5 

GG 

l 75 

GS 


3 -Samples of com meal fiom eight institutions weie analyzed cliem- 
icalh foi moi c tuie and acidity Foi comparison sinulai deteimmations 
weie made on nineteen othei samples of coin meal from various souices 
The lesults aie shown m Table 17 The aciditv has been calculated on 
a moisture-fiee basis and is expressed m teims of IST/10 NaOH solution 
lequned to neutiali/e the alcoholic extinct of 100 giams of meal 

The official standaid m this countiy lequnes that “maize meal, com 
meal oi Indian corn contain not moie than 14 pei cent of moistuie 
An Austnan imestigatoi states that sound com and com meal should 
lequne less than 30 ec — geneially 15 to 25 cc — N/10 NaOH solution 
to neutiahze the alcoholic extract of 100 grams of the meal 

Judged by the moistuie content, acidity, piesence of molds and otliei 
micioorgamsms, and the presence of insects the corn meal used m the 
state institutions is, on an aveiage, of veiy good giade It was found to 
be of better quality than the com meal purchased m the open maiket m 
Uibana and m Alabama, and also bettei than six samples from Italv 
Cultuies were made from all parts of the samples foi molds No quanti- 
tative determination of the molds piesent was attempted Of all samples 
only one No 20006, obtained fiom Anna, contained no molds Both 
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moisture and aeidilj of tins sample weie the lowest of all the twenty- 
seven samples examined 

The changes hi ought about by the action of molds on com meal ueie 
studied with special lefeienee to the formation of toxic substances 


Foi llns pm pose poitions of coin meal weie stcnlwod uul inoculated fiom 
pure cultmes of molds Aftei a good giowth had been seemed the moldy meal 
Mas e\ti acted with 00 pei cent alcohol foi three to foui horns at a tempeiatme of 
05 to 70 C The alcohol extiact was filteied off (using the centnfugc when 
mcessary) and evapoiated in tacuo ovei sulphuric acid to diniess The dried 
lesidue rvas next cxti acted with absolute alcohol and the evil act filteied This 
filtiate was likewise evapoiated to diyness in vacuo ovei sulphmic acid The 
residue thus obtained was e\ti acted with watei, the watei solution made alkaline 
with sodium carbonate and extracted with ethei The ether solution was allowed 
to eraporate spontaneously As tins is essentially the Stas Otto method foi the 
evti action of ptourarns, the residue fionr the ethei extinct should contain the 
toxic substances originally pieseut Othei residues and fi actions were also 
tested, however, and m those eases m winch toxic piodncts weic found it was 
in fractions othei than the last lesidue described 


Tabi e 17 — Average Acidity and Moisture Content or Corn Mr\r trom 

Various Sources 



Acidity, 
cc N/10 
NnOII 

Mois- 
ten e 
Per 
Cent 

J 

Coni meal fionr state institutions (8 samples) 

40 7 

13 00 

com ni e al from local giocery stoie (3 samples) 
iglitly spoiled meal fiom Kankakee (1 sample) (not used as 

51 3 

12 58 

food foi patients) 

GO 3 

15 GO 

Good meal fiom Alabama (3 samples) 

Go 1 

11 74 

Damaged meal fiom Italy (6 samples) 

112 1 

15 76 

Damaged meal fiom Alabama (3 samples) 

11 y tadlv spoiled and moldy meal (3 samples) 

113 0 

11 83 

174 7 

G5 00 


Of the five molds (three vaneties of Pemallmm , one Mucoi and one 
Monascus pin pm ous), only one, Monascus pin pui eus gave a toxic sub- 
stance when girnvn on com meal m puie foim 

Anothei sample of meal on which a bine gieen species of Penicillium 

uk giown, but which, had become contaminated hr otliei oiganisms, was 
veiv toxic 

Some furthei experiments to investigate the piesence of toxins m 
com weie earned out by Captains Nichols and Silei 
^ Alter taking some corn meal mush from a boilei 311st befoie it was 
, GI VG letting it stand m a stenle Petri dish foi two days, we fonnd 

mcsenic ie ^ ls ^ giowth, which pioved to be that of Bacillus 

^ Cn eiicus f mc as This organism and stiams of Pemcillmm glaucum, 
1 9 jlavus and Diplod'a recovered from must} com, which weie 
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kindh furnished us bj Piofes®oi Bui nil of the linn ei sit} of Illinois, 
were used m frying to discovei an} evidence of toxins Moist com meal 
was put m laige flasks, stenlized and inoculated with these organisms 
Aftei a nch growth was obtained, it was scraped off with some of the corn 
meal, diluted with watei, thorough!} shaken, centrifuged or fllteied and 
the clear liquid used for injection of mbbits and guinea-pigs A large 
numbei of rabbits weie used, and injections weie given subcutaneousl}, 
mtiapeiitoncallj and intia\enousl} The lesults weie umformal} nega- 
tive When corn-meal mush was allowed to decompose naturally and a 
sunilai °xti act u=ed foi injections, the animal died, but the result is 
readily attributable to putief active oiganisms Feeding experiments with 
infected corn weie staited, but soon given up, as it was found that the 
animals lefused to eat the corn after the fiist da} and died of starvation 

4 Feeding Experiments — At the suggestion of Captains Nichols and 
Silei, two cottages, with a eapacit} of about si\t} patients, were filled 
w ith non-pellagrous patients of the chronic class Careful stool examina- 
tions weie made for piotozoa One cottage was then placed on a generous 
corn diet — approximately 16 ounces of corn food-stuffs per day The 
othei cottage, containing about sixtj patients, was placed on a corn-free 
diet of the same geneial natuie These diets weie continued for one vear 
and the patients w’ere placed dnectly in charge of Dr Watkins of the 
hospital staff, who followed them with gieat care Dr Watkins’ report 
included a description of the dailj diet m each cottage This detail may 
be seen m the complete lepoit In addition, a peisonal chart was kept 
for each patient, noting caiefully the following points 

1 Examination of the feces 

2 Semi monthly weights 

3 Mental conditions as to mama and stupor 

4 Physical conditions, with special attention to diarrhea, gastritis, stomatitis, 
and skin lesions 

This experiment was earned out duung the entile yeai, and on 
September 15, 1910 these facts are noted Nearly all the patients gained 
gradually on both wards from September to March or Apul, when the} 
gradually fell off during the hot weather until they averaged about the 
same weight as on the same date the preceding jeai On the corn diet 
twenty-five patient® gained m weight during the 3 ear, twenty-nine lost 
and four remained unchanged The average loss and gam on both 
cottages was from 2 to 3 pounds 

There were sixteen patients on the corn diet who suffered w ith diarrhea 
during the 3 ear, while only ten on the coin-free diet suffeied from the 
same malady, and there were more cases of constipation on the corn-fiee 
diet cottage than on the corn diet cottage 
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Dining tlie yeai, the corn diet cottage showed four cases of pellagia, 
mth one death fiom the disease The com-liee cottage showed five cases 
of pellagia, with two deaths fiom the disease Dui mg the yeai theie 
ueie four suspected cases of pellagia on the coin-free diet cottage 

Of the four suspected cases, the examination of the stools u as negative 
as to active ainebas, but m two cases theie were encysted amebas and 
encysted flagellates One patient had a mild eiythema of the dorsum of 
the hands during -Jammy, 1910 This patient gamed 7 pounds dm mg 
the yeai and at piesent shows no symptoms of pellagia 

In a geneial uav, the lesults of this experiment may be summan/ed 
as follows 


Feeding Experiments in Iwo Cottages Duration One Yevr 



Patients 

Cases of 
Pellagi l 

Suspects 

Corn diet cottage 

50 

1 

4 1 

1 

Corn-fiee diet cottage 

5S 

5 j 

1 5 


It is evident from these lesults that an extensive corn diet did not 
favor the production of pellagra Cases developed m each ward m prac- 
tically the same pioportion, and this piopoition agrees m general with 
that found throughout the institution, which was also on a coin-free 
diet It is not claimed that this expenment absolutely disposes of all 
foims of the com theoiy of the production of pellagra, but it is difficult 
to reconcile the results with the oidmary theories incriminating corn as a 
causative factor m the production of the disease 

The analysis of the corn diet was conducted similarly to that of the 
geneial diet mth the exception that a scpai ate sample was made of all 
foods derived from maize The quantities of foods and nutrients con- 
sumed are summarized in Table 18, and the distribution of the nutrients 
among animal and vegetable foods m Table 19 Theie were fifty-six 
patients m tins group 

Iso complete study of the corn-fiee diet was made, but the quantities 
of food consumed by the group taking this diet fifty-seven m number, 
weie detei mined for two days These figuies are given m Table 20 

Before any definite conclusions can be drawn from such studies as 
this it is obviously necessaiy that furtliei investigations be made with 
accurate metabolism expeiiments It is difficult to yudge of the adequacv 
of the piotem content m the above studies because very little information 
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is available legardmg the food icquiiements of the insane It is pci- 
mnsible, howevei, to make the following suggestions 

1 The piotem content of tlie geneial diet is piotmblv sufficient but is ceitainly 
not excessive 

2 Tins diet is chiefly vegetable m natuic, much moie so than the average 
Ameiiean dietary It is conceivable that a deficiency in animal piotem mav pic- 
dispose to pellagia 

3 An excess of corn pioducts m tlie dietaiv of fifty -seven patients continued 
foi a penod of one yeai did not result in the development of moie pellagra than 
m a similai squad of fifty-seven patients whose diet contained no com, other con- 
d-tions being equal 

4 The quantities of nutnents, energy, and mineial substances ingested per 
man pei aay by the patients leceivmg the com diet were adequate but not exces- 
sive Th° scanty data at hand seem to show that the coin free diet was at least 
equal in nututive value to the corn diet 

5 The quality of corn meal supplied to the state hospitals is of high giade 

G The giow tli of the commoner vaneties of mold m pine cnltuie on coin meal 
does not give use to gieat toxicity 

VIII SOIULIA IX ILLINOIS 

Owing to the lmpoitance placed on the buffalo gnat as a possible 
earner of the disease by Sambon, the Commission invited Pi of Stephen. 
A Forbes, State Entomologist, to make an investigation m this field. 
He very kindly consented, and piesented an admirable leport It is only 
possible lieie to outline a part of his findings The leadei who is 
intei ested is lespectiully lequested to consult the monogiaph published 
by tlie commission for Professor Foibes 5 full report 

GENERAL DESCRIPTION 

The buffalo gnats oi black flies, all species of the genus Simuhum , aie 
email, two-winged insects with thick, liump-backed bodies and sharp 
pieicing and sucking beaks They vaiy m length, accoidmg to species, 
fiom 1/25 to 1/6 of an inch — 1 to 4. 5 mm They aie notorious foi the 
immense numbers m which they swarm m eaily spnng, especially 7 along 
the larger streams, and for tlie painfulness of the punctiues made by 7 the 
females (the males being inoffensive), and the ferocity and fierceness of 
their attack They are, generally speaking, moie announg than senously 
mjunous to mankind, although several deaths have been more or less 
plausibly attubuted to their attack, but to domestic animals, especially 
to cattle, horses and mules, and even to poultry, they 7 aie a temble and 
terrifying seoui ge 

As is very commonly the case with blood-sucking diptera, the young 
oi lan a 1 of these flies are aquatic The eggs are laid m patches on objects 
undei watei, the laiva? transform there to pupae and the pupae to winged 
adults, which escape to tlie surface each in a bubble of air absorbed from 
the watei through the gills of tlie pupa and stoied up under its cuticle. 
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The larvae are so abundant locally, under the most favorable conditions, 
that the water is said sometimes fanly to boil as the winged insects burst 
from its surface, each m its air bubble 

NUMBER AND GENERAL DISTRIBUTION OF SPECIES 

There aie about sixt}-five species of this genus m the world Tuentj- 
five of them have been found in North America and fifteen m the United 
States Nine species are known by us to occur m Illinois, and a possible 
tenth species is lepiesented by an unidentified larva found m Vermilion 


Table 19 — Distribution or 
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Fresh Food 

Drj Substance 

Protein 

o 

c: 

o 

c* 

Food Materials 

Quan- 

tity 

Kilos 

Per 

cent 

of 

Total 

Per 

Man 

per 

Day 

gms 

Qu an- 
ti tj 

Kilos 

Per 

cent 

of 

Total 

Per 

Man 

per 

Day 

gms 

Quan- 

tity 

gms 

Per 

cent 

of 

Total 

Per 

Man 

per 

Da> 

gms 

20,051 

20,030 

Animal foods 

Milk 

73 56 
89 07 

5 25 
G 36 


20 83 
1011 

6 9G 
338 


7,628 17 
2,761 17 

19 66 
712 


Total animal foods 

162 63 

11 61 

414 87 

30 94 


78 93 

10,389 34 

2678 

26 50 

■ 

Vegetable foods 

White bread, otc 

Coffee and tea 

Sj rup 

268 41 
100 46 
47519 
10 72 

1915 
717 
3391 
0 76 


4711 
70 59 
G 75 
8 28 

15 75 
23 60 
2 26 
2 77 


5,448 72 
9,563 79 
142 56 
17 15 

1405 
24 65 
037 
0 04 


Total vegetable foods 

85478 


2,180 56 

132 73 

44 37 


15,172 22 

3911 

38 43 

20,054 

20,037 

20,058 

Mixed foods 
| Buttenne 

Corn foods 

86 08 
13 84 
283 69 






1,669 95 
73 35 
11,489 44 

B 


Total mixed foods 

383 61 

27 37 

978 60 

13511 

45 17 

344 67 

13,232 74 

3411 

3376 

20,061 

Salt 

0 35 


0 89 

0 35 






Total food used 

1,401 37 


3,574 92 

299 13 


RH 

38,79430 


9S9G 

20,060 

| Waste food 

148 47 

IllyS 

378 75 

4208 



4,602 57 

11 86 

11 74 

Amount actually consumed 

1,252 90 

89 41 

3,196 17 

257 05 

8593 

655 75 

34,191 73 

8814 

S7 22 


County, Illinois, and also abundant m Yellowstone Park One American 
species, 8 InrUpes, found m noithem Illinois, occuis m Europe, and 
another, S reptans , abundant throughout Europe, is lepoited from Green- 
land also, but not elsewhere m North Amenca It is to this latter species, 
indeed, that the spread of pellagra has been ascribed m Italy 

GENERAL FEATURES OF LIFE HISTORY OF ILLINOIS SPECIES 

Neither the life histories nor the habits of any of our American species 
have been sufficiently studied, and the one best known ( S pictipcs ) 
happens to be of the least interest fiom our present point of view, since 
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it has nevei been known to bite Oui Illinois species differ considerably 
m distnbution, life histoiy and places of most frequent occunence Two 
of them— the so-called turkey gnat (8 met idionale) and the buffalo gnat 
(8 pecuai urn) are the species to which southern accounts of these insects 
usually apply Although they occui occasionally fai to the north, they 
aie southern m then general range and piedommant numbers, and have 
not been found by us m northern Illinois S venusium , the black fly oi 
sand-flj of the northern woods, is, on the othei hand, perhaps the most 
abundant species m the noith, although S viiiatum is frequently found 

Hijirilms Corn Diet 
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Day 
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Total 

Day 


gms 
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Calories 

gms 


gms 

gms 


gms 

344261 



8,31228 

2302 




1,449 13 

11 39 


83 12 

11 32 

0 21 

4,337 71 

EEs 


2,378 17 

6 59 




632 40 

4 97 


82 84 

1128 


7,78032 

3 68 

1984 

10,690 45 

29 61 

27 27 

12 68 

428 

2,081 53 

16 36 

531 

16596 

22 60 

0 42 

50,530 60 

17 26 


1,959 39 

5 43 




3,167 24 

24 89 


123 47 

16 82 

0 31 

•>6,890 50 

26 88 


2,88320 

mm 




1,255 75 

9 87 


116 53 

15 87 

030 

0,272 51 

296 


95 04 

mm 




237 60 

187 



8,147 20 

385 


5 36 

mm 




11256 

9 88 


0 64 

0 09 

000 

107,84081 


27510 

4,94299 

13 69 

12 61 


1,367 

4,773 15 

37 51 

1218 

24064 

32 78 

0 61 

12,429 95 

587 


593 95 

165 




559 52 



27 55 

3 75 

007 

S3, 603 44 




33 45 
21 60 




506 54 
4,453 93 



2 21 
297 87 

030 
40 57 

001 
0 76 

90,033 39 

4537 

244 98 

20,470 83 

56 70 

52 22 

46 82 


5,519 99 

43 38 

14 08 

327 63 

44 62 

0 84 

211,054 52 

■■ 








275 

0 89 




100 00 

539 94 

36,10427 

100 00 

9210 

100 00 

3,375 

12,723 87 


32 46 

734 23 

10000 

187 

30,406 66 

14 37 


m m 

14.64 

\m 

1413 

477 

1,781 64 


4 55 

92 05 

12 54 

0 23 

1 SI 247 86 

8563 

46237 

30,818 74 

85 36 

78 62 

85 87 

2,898 

10,942 23 

86 00 

27 91 

64218 

87 46 

164 


in its company 1 he fiist of these is said by Prof P L Washburn to 
ie an annoyance to stock m Minnesota, and the second a torment to 
mankind These two species aie the commonest ones m northern and 
central Illinois Me have likewise a fifth species, hitherto undesenbed, 
le aivm of which aie abundant m the Illinois river, and two or three 
o ieis which occui more spanngly m various parts of the state 

^ 5* nr s P^ ies differ also m the number of generations, the two especially 
-ou win forms ( 8 pecuaium and S mendionale ) having so far as known 
u one gen eiation m a yeai, which leaches the winged stage m early 
■-Piiiig, nlule the two most abundant noithem forms ( S venusium and 
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8 iiitaium) appeal in the winged stage at intervals throngliont the 
summer, and evidently hate two 01 moie geneiations, just hoir mam is 
not known S picixpes also develops at least two generations 

Some of these species bleed mamlv in small sti earns, while otheis 
find favorable situations for lepioduclion m the laigest meis 8 mend- 
ionale and 8 vxliaUun aie examples of the fiist habit, and 8 pecuauim 
and 8 vcnnsium of the second Lanae and pupae of all aie limited to 
Honing si i earns the laivai quickh dying, indeed, if tiansfeiicd to quiet 
watei Thev aie eudently veiy seusitne to a deficiency of oxygen and 
can Ine as a mle only wheie the cui lent is swift or wheie its movement 
is so mteriupted by shallows or by objects lung oi giowmg oi upended 
in the stieam as fo pioduce at least a surface wlnil oi upple 


Tartu 20 — Coaiparisox or Corx axd Corx rnru Ditts QuAXTiTirs or Food 
Used, Per Max, Per Dva, Durixo the First Two Dais or ExpranrcxTS 


Kind of Food 


Animal foods 

289 73 

301 23 

Milk 

330 52 

352 98 

Coflee and lea 

1,046 25 

1,099 50 

Bnttei me 

34 4 G 

43 44 

Other foods 1 

1,730 00 

1 9S4 S2 

Total foods used 

3,443 50 

3,784 03 

Waste foods 

300 79 

470 70 

Amount actually consumed 

3,070 77 

3,313 33 


Weights of Food Used pei Man 
pel Dai (gms ) 


Corn Diet Coin Fiee Diet 


1 Includes foi 


Coin Diet Gin 

VpRetnble foods 0X1 10 

Unite blend, etc 2S0 OS 

Mixed foods 109 40 

Com foods 035 00 


Total 1,730 GO 


Coin Ficc Diet Gm 

A cgotsble foods 9SJ GS 

AVhite biexd etc 410SS 

Mixed foods 370 20 


Total 1,0S4 S2 


The laivo? aie ratliei peeuliai creatines, with slendei cylindrical, 
maggot-like bodies, thickened and club-shaped at the lnndei end, by w Inch 
they aclheie to some submerged object, and with a pan of fan-like clusters 
of filaments neai the mouth They r aie commonly gionped m colonies 
often thickly coveimg the object to wdnch they aie attached They spm 
hom then mouths silken threads, noth lvhrclr thev form a loose network 
covering the suifaces they occupy, and by means of which thev can 
lecover then position if swept aw r ay by r the cm lent Thei mo\e mainly 
like a measmmer worm, ivith the aid of a suckei near each end of the 
body They pupate m a case oi nest composed of v cb spun, fiom the 
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month, rnd the pupa bieathes a pan of tufted gills extending foirvaid 
fiom the open mouth of the case 

In the two species whose life histones have been fanlv well followed, 
liamelr S pxciipes and S vcnustum , about two months elapse m summer 
betrr ecu the la^ mg of the egg and the appeal ance of the winged fly, the 
egg stage lasting about one week, the lanal fom weeks, and the pupal 
three In coldei weathei the development pi oceeds moie slorrlr As these 
species hatch fiom the egg m Yew Yoik in the hist pait of Mav, tlieie 
is time, at this late for thiee successive geneiations, Hie last of which 
hibernates m the lanal stage, pupating in April of the following )eai 
We have sufficient data concerning the times ol occuiience of the winged 
black flies m Illinois to bung all but three 01 foui of oui species undei 
tins category The single-biooded species appeal m the winged stage m 
cential Illinois m Apnl and Mar the date of maximum abundance heie 
m trvo suecessire }eais having been about Apnl 25 The faitliei south 
one goes and tlie eailiei the spnng, the eaihei is the swarming time of 
the gnats Indeed, we bare one lepoit fiom Louisiana of the appeaiance 
of winced buffalo gnats duimg evei> month of an unusual lr mild w T inter 
and a consequent failme of the usual spnng lush m Febmar) and Maich 
Although six of our Illinois species send out summei bioods, these are 
•m scanty and scattenng that it is difficult to find winged specimens m 
the field, e\en by caieful expel 1 search, at any time except m spnng 

BP, FEEING SITUATIONS OF THU BLACK FLIES 

Hie ntunbei of oiu Illinois species, and the fact of their distribution 
m all poits of the state, make it piacticalh certain that black flies may 
jo found soonei oi latei wlierevei and whenevei tlie somewhat peeuliai 
ocal conditions leqnned foi their bleeding aie present These conditions 
aie 111 P^ce, limning w r atei continuous thiougli the breeding 

mm=oii, and, in the second place, either a npphng suifaee oi a fan ly rapid 
°" O' ^ le stleam It 1S also necessarr that there should be solid objects 
|n tie watei, not moie than a few r inches undei the suifaee, on winch 
ie eggs mar he laid and to which the laivre mar elmg The rvatei must 
\j° C01UFe? eon lam a sufficient supph of the smaller plankton and 
o iei organic pai tides on which the larrre feed As they remain attached 
' b an ^ s and cannot seaich for food, ther aie dependent on whatever 
lance hi mgs within leach of the pi eh ensile appaiatns about the mouth 

dll' 3 ^| CleS W ^ lc ^ ^reecl in rivers find these conditions most geneial 
vatei, especially m spring Then the current of the stream 

orerfl 11 ^* 11 ^ 1 '' 0 ^ anc ^ s f r °ng neai the shoies, and the marginal 

wbul' 0 " 1GaC ^ es tiees and sluubs, stranded dnftrvood, and the like 

r ^ Clea ^ e ^ 1G ^cee^sarr surface drsturbance and at the same time 
paces of attachment foi the eggs and lair re In the smaller 
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streamy on the othei hand, times of flood are less favoiable, except wheie 
there is a iocky bed, but as the summer glasses grow, dipping into the 
sticam and maigmal slnubs droop their twigs loaded ruth leaves into 
the watei, and as the heavier objects on the bottom of the cieeks and 
rivulets aic brought neai the surface by the shrinking of the stieam, 
many suitable places may be found heie and theie for the black flj to 
deposit eggs and for the joung to leach the pupation stage 

Muiads of these insects aie sacrificed, as our field notes show when 
the wateis fall, leaving the pupae exposed and liable to diy out Small 
fish and ceitam carnivorous insects especially case worms, deioui the 
laivm, and then numbeis in summer and fall are laielj ieiy gieat m oui 
latitude The bottom lands of oui pnneipal meis — the Illinois the 
Mississippi, the Ohio and the Wabash — fiom the middle of April to the 
middle of Maj, aie almost the on!} situations m vhicli the black flies 
maj be called a plague As the swanns of these insects aie 1 eadily blown 
about by the wind, they are often earned to consideiable distances fiom 
then place of ongm, and cases are on lecord m which the} must haie 
been borne seveial miles in this waj The adults are not long-lived, and 
an outbreak does not oidmaul} continue anno} mg longer than ten dais 
A storm of w r md and ram ma} m fact, put an end to it m even less time 

The dcsciiption of the aaiious species found is necessanlj omitted 
here 

rOSSIllLE RELmOST TO PELLAGRA 

To asceitam definitely whethei the distnbution of black flies m 
Illinois and the tunes of then pnneipal appearance, local and general 
have any lelation to the occurrence and frequenc} of cases of pellagia 
would lequne a veiy much bioadei and closei suivej of the state, with 
this point especiall) m mind, than it has been possible foi me to make 
With the exception of a pait of the data obtained at Havana and Peona 
m 1910, those heie repoited aie the product of geneial miscellaneous 
collections made during many jeais, with no thought of an} pathological 
application The} aie sufficient, howevei, to show the common occunence 
of black flies throughout the state Oui specimens have come fiom 
sixteen counties — five m northern Illinois, eight m eential and tluee m 
southern as follows noithem Illinois McHenrj, Can oil, Cook La 
Salle and Meicer, eential Illinois Peona, Tazewell, McLean, Vermilion, 
Champaign, Mason, Pulton and Green, and southern Illinois Wabash 
Sahne and Jackson 

The places and situations of ceeunence aie such as to warrant the 
opinion that black flies might be found m laigei 01 smaller nunibei in 
every county of the state The} w r ould be most abundant, of corn se, along 
the laigei livers (and it is only there that tliej become noticeable as 
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pests), and the species would diffei with the size and charactei of the 
streams, and, to some extent, with the latitude 

The only attempt I have been able to make toward a comparison of 
local facts concerning simulium with the local data of pellagia is based 
on observations made at Bartonvillc, near Peona, m the latter part of 
August, 1910 The location there of the general hospital for the insane, 
m which pellagra is almost continuously piesent, gave us reason to 
examine the surroundings of this institution as carefully as possible, and 
visits weie made to this place by Mi C A Halt on August 29, 30 and 
31 In a small stream ^ust noith of the hospital giounds at Bartonvillc, 
which leaves the bluff on which the buildings stand, passes under the 
highway and flows eastwaid through low giound towaids the inei, 
simulium laivm were obtained just below the wagon budge, on the leaies 
of trailing branches and on othei objects m the stieam, although none 
could be found 111 tins stream above the highway The point at which 
the black flies weie hi ceding was about a thud of a mile m dnect line 
from the hospital buildings No pnpm weie seen m the w T ater and no 
winged flies could he caught by diligent sweeping of the vegetation m 
that vicinity Two small stieams emerging from sliadv valleys m the 

bluffs to the south of the hospital giounds weie destitute of simulium 
laivm 

In Kickapoo Cheek, between Baitonville and Peona, a veiy few laivte 

and pupa? weie found, and a considerable number weie taken m favoiable 

places all along Paim Creek near the East Peona station, across the nvei 

from the hospital These were not m the deepei 01 wndei paits of the 

cieelv, but m its ven smallest lateral divisions and the shallowest maigms 

of the mfles All the specimens taken at this time m the=e stieams proied 

to be Simuhvm mttatum A. thorough seaicli of the nvei margin at 

eom, made August 31, was without remit, no tiace of simulium being 

ound m the 111 am stream Not a single winged black fly could be found 

ioie, although the piesence of small numbers of the pupae showed that a 

''eij few might be abioacl The probability of any activity of black flies 

m convening pellagia at tins place and time seems, consequently, veiv 
small 

I hare next to scan my miscellaneous data with leference to the 
po.si uhtj of distinguishing successive generations, and penods of greatest 
j ailce in secls on the wnng Throwing all these data togethei, 

n that we have made collections of adults on thirty-six of the 204. 
fiom Apul 3 to October 24, and that there are tw r o rathei con- 
spicuous blanks m the senes — one extending from May 22 to June 14, 
Mcnh-two days, and the other from July 21 to August 11, twenty days 
^c.ep mg these as indications of the dividing lines between successive 
& Delations, we may conclude provisionally that we have three generations 
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m the season, the fust covering Apni and the gieatei pait of May, the 
«econd the lattei pail of June and most of Jul), and the thud extending 
Iiom the middle of August to the last of Octobei These mtenals might 
pei haps be filled in at least m pait, if lie had laigei collections, but 
the) ronespond fanly veil to such definite facts as nc haye coneemmg 
the length of a gen ei at’ on penod of siniulium Piecise voile on this 
subject has been done 011 I 3 m New Yoik, and theie only foi two species, 
S picitpcs and S vcnnshim , the first of which possibl) does not occui in 
Illinois Foi both these New Yoik species it has been shown that m the 
waimei pait of the sumniei the development of a generation icqimes 
about eight week 5 ! one of which is passed m the egg, tom m the Ian a 
and thiec m the pupa stage Making leasonablc allowance foi a pio- 
longation of the penod of development of the eailiest and latest genera- 
tions giown in the cooler veathei of the season we max fanh suppose 
that v'c ha\e tliiee geneiations of six of oui Illinois species, the fiist 
extending llnough Apnl and Ma), the second coming m June and July 
and the thud in August Septembei and Octobei Entomologist 1 ' will 
icadih undei stand that with am such succession of geneiations as this 
m a single reason, the penods of the latei ones aie always the longei 
The othoi tluee Illinois species seem to give us but one geneiation each 
which we know 7 to appear in Apiil and Mai 

It lias been a mattei of special mteiest to me to compaie tins hypo- 
thetical scheme of geneiations with pellagia data communicated to me 
by Di IT Douglas Smgei m a lettei uiitten Decembei 29 1911 The 
statements of this lettei aie lllustiated by a curve shownng the numbei 
of fiesh cases of pellagia occiunng at the Baitonville Geneial Hospital 
foi each month fiom July, 1909, to September, 1911 Theie aie five 
high points in this cune foi these twenty -six months, one at the begin- 
ning of the lecoid which, Waiting with twenty-one cases foi July 1909 
uses to seventy -one foi August, and then diops lapidlj aw a) to tluee m 
Decembei This is much the highest w r ave of the euive The next wave 
of mciease begins with a single case m Apnh 1910, uses to sixreen cases 
in May and to thu ty-ioui in June, and chops to foui m Jul) We have 
next a lowei wave of sixteen cases m August, 1910 fifteen m September 
and one m Octobei Two cases m the following Maich (1911) become 
foui m 4pnl and six m May 7 , fall to one m June, use again to tluee m 
Jul) and secen m August ancl fall to none m Septembei 

On the supposition of a connection between black-fly outbreaks and 
pellagia yvaves yve should naturally expect the formei to piecede the 
latter somewhat just how 7 fai, of couise no one can tell, since that 
would involve a knowledge of the incubation period of the disease 
A comparison of m 3 h)pothetical periods of oni black-fly geneiations 
with these waves of fiequenc) of new 7 cases of pellagra gnes an indication 
of a couespondence betyyeen the tw r o series foi the fiist two geneiations 
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of the j ear but negativ es the idea of any stimulating influence of the 
implied third generation Thus, omitting the 1909 lecoid as begun 
too late to seive om puipose, the Maich and Apnl generation of black 
flies foi 1910 connects with an Apnl and May meiease of pellagia 
the supposed June aud July geneiation of that year w lth high numbeis 
of new eases foi August and Septembei , the Maich and Apnl geneiation 
of 1911 connects with an Apnl and May meiease of pellagia foi that 
jeai, and the June and July geneiation with a Jul 3 and August meiease 
The August to Octobei geneiation, on the othei hand, is followed bv a 
decline m the number of new cases 111 both 1909 and 1910, the lecoid 
foi 1911 biealang off within this penod 

These intei pi etations, it is tiue, aie decidedly hypothetical, but they 
may be taken as at least suggestive of a causal relationship and as 
indicative of a method of anahsis which, used in piopei cases, mav give 
definite results We need to know accurately the life histones of the 
\anous species of simulium foi the entile yeai m some locality wheie 
pellagra is moie or less pievalent, and to know also the exact facts as to 
the local abundance of the winged flies dunng the successive generation 
penods If theie are lecognuable and considerable vanations m abund- 
ance, or definite breaks m the insect senes, conelated in a unifonn war 
with waves of pellagia increase presently following, and if exceptions to 
this correlation aie to be cleaily explained by exceptional cncumstances, 
we shall have stiong leason to believe that one 01 moie of the species of 
simulium then aud theie present aie causally 1 elated to the comevance 
of pellagra from one person to another Othei and more dnect lines of 
operation on this pioblem belong to the pathologist ratliei than to the 
entomologist 

IX GENERAL SUVlllARY AND DISCUSSION 

1 Pellagia in Jlhnois A conservative estimate of the number of 
pellagnns m tins state fiom July, 1909, when it was first recognized to 
> eptembei, 1911, would he five hundred The vast mayonty of these 
cases have oeeuned m the state and county hospitals for the insane, 
notably at the Peona State Hospital Theie has been a piogiessive 
diminution m the total numbeis of new cases m the three years undei 
consideration m these institutions It is, howevei, becoming mcieannglv 
evuent that theie is a considerable number of cases outside the state 
mspitals, although we have no figures which will justify any statements 
os 0 the actual numbers Two somewhat sinking foci seem to exist m 

ucago and Peona but it is piohable that the disease is prevalent ovei 
w ide areas 

, Phmcal Mamfesiations and Pathology — Pellagia is a systemic 
‘ 1 ease cnai acteiwed bv a skin eiuption symptoms of gastro-mtestmal 

' lu ^ ance aiK ^ moie or less well-maikecl geneial clebilitv and emaciation 

10 on ^ 1 ( dm 1)1 e diagnostic svmptom is the skm eruption which begins 



244 


ARCHIVES OF INTERNAL MEDICINE 


as a bxiglit led erythema geneially on the backs of the hands This color 
becomes moie copper-coloied m the couise of a few days with thickening 
of the epidermis, especially about the knuckles and often with fissuies 
winch bleed easily In seveie types bull® fonn, which may rnptuie, and 
thus gi\e use to superficial ulceis In the couise of two or three weeks 
the color becomes giadually daikei fiom mcieased pigment deposits and 
begins to desquamate This stage lasts a vanable time fiom a few w r eeks 
to c eveial months, at the end of wducli the appeal ance is pink and delicate- 
looking, like that of an infant Following this it gradually letuins to a 
noimal condition The chief points in diagnosis are the couise, the mo le 
or less absolute snnmetiy on the tw r o sides of the bod}, the sharp line of 
demaieation fiom the healthy skin and the absence of maiked itching 
and pain The commonest sites are the backs of the hands and lower 
parts of the foieaims, often extending as a cuff around the wrist ]ust 
above the palm the elbow s and areas on the mnei sides of the arms and 
foieaims, the foieliead and cheeks, the neck, and finally the doisa of 
the feet At times the ei uption is widespread orei the whole bodr 
Denudation and swelling of the tongue with sometimes ulceration 
inflammation and even ulceration of the mucosa of the cheeks, gums and 
lips should piobably be legarded as manifestations similai to the skin 
eiuption Excoriations about the anus and genitalia, with inflammation 
of the mucosa of the vagma are fairly common 

The gastio-mtestmal sjmptoms aie reiy frequent, but not alwars 
marked and maj be absent The} consist of dianhea with liquid pubes- 
cent stools of peculiar odoi, which is thought by some to be characteiistic 
Tloie 01 less anorexia is piesent as a iule, but sometimes appetite is 
excessive 

Emaciation and geneial weakness aie piesent m a degiee moie or less 
cone-ponding wuth the seven tr of the gastro-mtestmal symptoms 

Besides these featuies tlieie is a great tendency to the development 
of mental disoider of delirious type and m the late stages to the oecunence 
of the central neuritis syndiome 

The couise of the disease is cxtiemely ranable In mam cases it 
consists of annual cxaceibations lasting one 01 two months with appaient 
lecover} in the mteivals Some patients seem to have one attack and 
then to lecover, at any late without recuiience during one pellagious 
season The percentage of recurrences m individuals leeoveung from 
an attack m 1909 was 31 25 m 1910 and 13 24 m 1911 Of the 1910 
attacks which did not piove fatal only 8 6 per cent leeuned m 1911 

Death maj lesult m any attack whethei the first oi later recurrence 
This mar tianspne during the acute phase apparently from general 
exhaustion, or at a later penod, after all characteristic pellagrous lesions 
have disappeared, with symptoms of central neuritis Patliologicall} one 
case dying during the acute stage piesented lesions lesembhng those of 
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cential neuntis^ although the chaiactenstie clinical sindiome w as not 
obseived during life The moitality has been vei} high m this state, 
pellagra being given as the immediate cause of death m 49 6 pei cent 
of the 258 eases at the Peona State Hospital Of the 408 cases leeorded, 
189, or 46 3 pei cent, aie dead, although m some of these instances 
internment disease seemed to be the actual cause 

Symptoms which appear to be of bad piognosiic xmpoit aie the eaily 
appeaiance and severe degiee of gastro-mtestmal and mouth srmptoms, 
marked emaciation and the occuirence of neivous symptoms such as 
delirium and signs of central neuritis 

Ti eatment has seemed to have but little if an} influence on the course 
of the disease Arsenic has been used m vanous foims, but the cases so 
treated do not seem to have shown an } 7 more favorable outcome than those 
without it We can lecommend onl}’ geneial measures such as caieful 
nursing and diet, the avoidance of exposure to the sun, which seems to 
aggiavate the skin lesions, togetliei with the copious administration of 
fluids, which ma} if necessan be gi\en by I 13 podermocl} sis 

Feces The stools of pellagrins are exceedingly vanable m character 
In general, theie is a maiked dianhea during the acute attack, with 
lequent water} evacuations, neaily always very foul-smellmg Later, 
the stools become less fluid and contain abundant mucus Blood and 
epithelial cells are frequently obseived m severe cases 

The numerical relationships of the noimal forms of fecal bacteria are 
more or less disturbed and new forms of bacteria of seveial different 

an s a PP ear 111 the feces m appreciable numbeis Protozoa, especially 
amebas and flagellates, are frequently found 

Cultures of the fecal bacteria m the various stages of pellagra also 
mate distuibances of the normal relationships of the intestinal bacteria 
n a xition to this, some forms of bacteria not ordinarily found m the 
C< Tb° men aie found lieie m appreciable numbers 

, 616 38 b0me evi( fence indicating that some of these bacterial and 
Q r ° 2 °i ° rmS a 111 P 10 ^ i;cin S some of the pathological changes 
of fh^ eC ln ^ ie CaS6S P^^eT 3 - which we have studied Whether any 
5 ls a P rimaT y factor m the disease itself, or whether they are all 
he de ^ ™ va ^ ers W1 *h no essential causal relation to pellagia, cannot 
stuck ^ G IOm evi( ^ ence hand For those forms which have been 
n G mTm P ar ^ 1 Cu ^ ar b’ by ns the latter h} r potliesis seems to be the 
wnrfi ^ r °e j 6 ^ ever Iheless, these bacteria and protozoa seem to be 

worthy of further attention 

freoue °n- ^^°^ ela ^ e ane mia is the rule with a color index which as 
., 0 * “ norm al or even slightly above Leukocytosis oecuis occa- 

ftornial ^ S6Veie Cases ' as a ru ^ e the number of white cells is within 
!p i„i units Theie appeals to be no characteristic change m the 
e propoihons of the different varieties of white cell 
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No abnonnalities aie noticeable m the size, shape and staining 
piopeities of the led cells No abnoimal bodies have been found eithei 
m fiesli 01 m stained specimens Cnltmes have been almost all steule 
Unne Indican has been mcieased and theie aie tanations m coloi 
quantity, specific giatitv and composition A tiace of albumin with 
hj aline casts aie not uncommon 

Ceiebiospmal fluid Tin* shows no mciea^e of cell elements oi 
albumin content and eultuies have been unifoiml} steule 

Complement fixation tests mill the blood-seium of pellagims as an 
amboceptoi and extracts of pellagious livci, tongue and spleen as antigen 
hate gnen lesulis nhich cannot be icgaided as specific at present 
Negatives mill positne ea«es and positives with noimal seia have been 
encounteied too fiequenth to peimit of any interpretation 

Anaphylactic tests by von Pnquet’s method using extiacts of healthy 
and damaged mai/e have proved unifoiml) negative 

The post-11101 tern findings aie those of a generalized intoxication 
Fatty degeneiation of the Inei with inflammation and ulceiation of the 
intestinal mucosa and the oecunence of islets of subacute mflammaton 
exudate m the poital canals of the lnei suggest an intoxication of intes- 
tinal origin which may be either pnmaij oi secondaij There is nothing 
chaiactenstie of pellagia m the lesions found m the nervous sj stem , they 
can only be legarded as evidence of an intoxication 

The chemical analysis of one pellagious brain shows no deficiency m 
sulphur oi phosphorus, but only a disturbance m the combinations of the 
foimei This is quoted here only m relation to the possibility of a 
deficiency m ceitain elements m the diet which has been suggested as a 
cause for pellagia 

S Animal Expenmentation Inoculations of monkeys and othei 
animals with tissue emulsions and body fluids have been entnely 
unsuccessful 

Feeding with the dejecta of human pellagrins has gnen rise to no 
symptoms Snnilai negative lesults ivc-re obtained fiom inoculation with 
oigamsms isolated from the stools 

Feeding expenments with maize both healthy and m a spoiled 
condition have been without lesult 

Injection of extiacts fiom maize contaminated with five diffeient 
molds was found to be toxic m one instance onlyy the oiganism being 
Monascus put puieus Another sample containing a blue-green Penicilhum 
and contaminated with bacteria was highly toxic 

4 Diet Maize has formed but a small pait of the hospital dietaries 
and the quality used has been excellent Careful obseivations of a squad 
of individuals fed with a large excess of corn products for a period of 
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twelvemonths compaied with a similai numbei given a stuctly corn-liec 
diet levealed no differences m the numbei of eases or tlie seventy of 
pellagia which developed m both 

Detailed study of the genet al diet of the Peona State Hospital levcals 
a deficiency m piotein constituents and especially in animal piotem 
Compansons between the average amount of meat supplied to the inmates 
of the Peoria and other state hospitals suggest a gieatei 01 less degiee of 
deficiency m animal piotem m all It is also noticeable, although it may- 
be quite accidental, that pellagra has diminished m Peona and Dunning, 
comcidentlv with an mciease m meat supply, while at Elgin the numbei 
of pellagrins has increased with a deeiease m the amount of meat 
provided pei capita 


GENERAL DISCUSSION OF THEORirS AS TO ETIOLOGY 

r lhe yanous conceptions as to the etiology of pellagia have alieadv 
been enumerated under the head of “Current Views on Pellagia,” as the 
basis on winch the woik of this commission was planned If is theiefoie 
only neeessai) lieie to discuss the beanng of the woik accomplished on 
these dift'eient theones This can with advantage be ananged under the 
same two mam headings 

1 In Relation to Maize — It may be said that all woik dnected to 
thib question has uniformly yielded negative insults The evidence 
collected m this report all tends to discredit any such assumption, and 
while we fully appreciate that negative findings can nevei be accepted as 
positue pi oof for or against airy given proposition, it nevei theless seems 
0 11 s ^ ie burden of pi oof must rest with the zeists The following 

acts may be especially emphasized as tending to discredit any causal 

re a ions betw-een maize and pellagia (1) Sound maize (a) Excessive 
com feeding w : as not accompanied by moie pellagra than w r as obseived in 
in nicuals kept on a stuctly eom-fiee diet, other conditions being as 
ai as possible, identical as legards the age, sex, mental and bodily con- 
lon ’ an d occupation of the patients and the size, location and 
hot] 613 ^ 1 an S emen t of the buildings, although cases developed under 
no 1 C01H ^ lons ’ 0 3 ) m aize products constituted only a moderate pio- 
nell 'ff 11 °- ^ eneia ^ ^ le t those affected, (c) cutaneous tests m 

W1 ^ 3 tracts of corn gave rise to no anaphylactic symptoms 

of maize ( a ) *-^ le corn used m the state institutions has been 

on 1 ^ r . a c ’ all experimental w-oik has necessanly been performed 
and* j 111 ^ 8 ' 11013(3 ^ ias tlieie been any pellagra-like manifestations, 

auan] 11 ] aC ^ e:xce Pl- 10 us the toxicity has been low, (c) cutaneous 

* If^ ex ^ rac ^ s from damaged corn w r ere negative 

Sambon^f +i ^ *° ^ 16Se ^ lrec ^ observations the keen cutieal analyse by 
but f,v!] +i 10 f0 ^ at10 ^ 011 ulnch the maize hypothesis rests, one cannot 
iat the aiguments m its favor are extremely slender 
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2 Anincxst Th cones — As long ago as 1905 Sambon 8 discussed the 
piolmbility that pellagia was an infective disease, the caiwativ e agent of 
which Mas earned by some blood-suekmg insect His reasoning is based 
on analogies with otliei infections of that eharactei The mam grounds 
aie, (1) the seasonal recurrence, ( 2 ) the existence of endemic foci, while, 
apparently the disease is not contagious, (3) the fact that lecurrences 
occui m pieviously infected individuals even aftei the} have been removed 
fiom the infected locality and such i eminences occur at the same seasons 
of the }eni 

All investigations earned out by us w ith the object of demonstrating 
the pie®ence of a blood paiasite nave =o far failed Heveitlieless, it is 
quite possible that a paiasite may live and propagate in the blood, but 
lequne special methods for its demonstiation not }et discovered The 
failure to produce pellagia m animals with such infected blood maj well 
be the consequence of vanous reasons For instance, it is quite possible 
that, as Sambon supposes, some second phase of existence m an inter- 
mediate host such as the biting insect, may be necessary Again the 
animals used for experimentation ma} not be susceptible It is thus quite 
obvious that the negative findings so fai enumerated cannot be accepted 
as entnelv controveitmg this theory 

Post-mortem findings do suggest a possible nidus for the giowth of 
an organism m the intestine, a suggestion which might be considered as 
especially plausible fiom the clinical pictuie Keveitheless, it must ahva}S 
be remembered that the infection of the intestinal tract may be secondary 
to, and not causative of, pellagra We have studied the fecal flora with 
especial caie and do not consider that oui findings justify us m making 
any claim for them as pnmai} causal factors 

The relation of simuha to pellagia, liy potbecated by Sambon, finds 
but little suppoit from the researches w r e have been able to make The 
paiticuliar vanet} S icptans , which he claims to be of woild-wude dis- 
tribution, is said by Professor Foibes to be unknown m Koith Amenca 
as yet except m Greenland 

Quite recently, and therefoie not included m the statistical studies, 
w r e have had the opportunity to ob=eive two cases, both apparently first 
attacks, m which pellagra developed during the winter months following 
several weeks of intensely cold weather One of these arose at the 
Kankakee State Hospital, the first symptoms being observed Dee 24 
1911 This patient had been an inmate of the hospital moie than a year 
and had shown no previous signs of pellagra The attack was very severe 
and ended fatally The second case developed Dec 31, 1911, at the 
Jacksonville State Hospital This man had also been m the hospital for 
over a yeai Professor Forbes informs us that the latest date on which 
adult simulia have been captured m Illinois is Oct 24 It would fhere- 
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fore be necessary to concede an extiemely long incubation period m order 
to explain these cases on the tlieoiy that the causa moibi is borne by 
these insects 

PREVENTION 

This discussion would not be complete without consideration of the 
problem of prevention The evidence seems conclusive that poor nutrition 
is an important factor m predisposing to the disease, although we fully 
admit and can confiim the occurrence of pellagra m persons well 
nourished and apparently robust The investigation of the dietaries of 
the state institutions reveals no defect m quality or quantity There does, 
however, seem to be a low animal protein content The Italian peasantry 
have suffeied more from pellagra than any other people, and their ^let 
consists almost exclusively of maize m the form of polenta They eat 
practically no meat, fish, milk or eggs In fact, it may be said that meat 
becomes a luxury m all conditions of poverty Maize has a large protein 
value, but this, apparently, cannot satisfactorily take the place of animal 
protem altogethei It may be then, that conditions m which the animal 
protein content of the diet is low, constitute a piedisposmg factor to 
infection with pellagia In making this suggestion, we emphatically do 
not wish to be misunderstood The dietaries of the state hospitals m 
niois are fully up to the usual standaids m such institutions elsewhere 
™ we n °f consider that pellagra is due to lack of food or even to 
e ’ciency m any particular constituent of the food Our impiession is 
ier that pellagra is due to infection of the body with some micro- 
organism It does seem possible, however, that a diet deficient m animal 

pno em may so alter the body that the infecting organism has a better 
chance to grow 

CONCLUSIONS 

I ^ c]osm S ^ ns report we feel that certain conclusions are advisable 
foil 16 ^ Ur P ose representing oui views on the lines which should be 
owe m furtliei studying and dealing with this problem They are 
uipose y expressed m somewhat general terms 

e lagra is a disease due to infection with some living micro- 
organism & 

o ^ P 0ssi ble habitat for this parasite m man is the intestinal canal 

f. 6 , < f Gn ^ aTu mal protem m the diet may constitute a predisposing 
«or m the contraction of the disease 

, 16 nilm ^ er ca ses of known pellagra renders this disease a 
g C mecace to public health of this state 
the st |_ are ,^ searc ^ f° r J ail d investigation of, suspected cases outside 
8 6 1GS P^ a f s for the insane is extremely desirable m view of 

experience elsewhere 
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THE EFFECT OF THE TUBERCULO-TOXIN OH THE 
ADRENAL FUNCTION 

L H NEWBURGH, Boston and T II KELLY, Cincinnati 

The following work was undei taken foi the purpose of producing 
an experimental chronic lnmfficienc} of the adienal glands It was 
then our intention to study this expenmental insufficiency m relation 
to the other glands of internal secretion, and to eompaie it with the 
clinical picture of Addison’s disease 

Thus fai all experimental woik has resulted only m an acute insuffi- 
ciency of the adienal function Excision of the glands is followed by 
death m two or tlnee days It was accordingly necessary to devise some 
means of slow r ly r but progiessively injuring the function of the glands 
For this puipose it was decided to try the injection of tuberculin over 
long periods Tuberculin was selected because of the evidence piesented 
by certain workers m this field that chronic tuberculosis causes a 
sclerosis and atrophy of the adienal glands 

Bernard and Bigard 1 have found, m the adrenals of the tuberculous, 
a sclerosis beginning at the vessels, causing lobulation of the glands, 
especially manifest in. the cortex, but also invading the medulla. This 
can go on to complete atrophy in cases of intense sclerosis Pansot 
and Lucien 2 have shown that the extracts of the adrenals of persons 
dying of chronic tuberculosis have a less intense hypertensive action 
than those of normal extiacts Bomet 3 states that cases of adrenal 
sclerosis are more numerous than primary tuberculosis or cancer of the 
adrenals, and that this condition, with or without melanodernne is 
common m the course of, or at the end of, pulmonary tuberculosis The 
above mentioned workers believe that the anatomical and physiological 
changes noted by them resulted from the action of the tuberculo-toxm 

3 From tlie Joseph Eichberg Laboratoiy of Physiology, University of Cincinnati 

1 Bernard, L , and Bigard Les processus s6cr6toires dans la substance cor 
ticale de la glande surrSnale Compfc rend Soc de biol , 1905, lix 504 (quoted 
by Bomet) 

2 Panset, J , and Lucien, M Etude physiologique et anatomique des capsules 
surrenale chez les tuberculeuv Reunion biologique de Nancy, 1907, Ixm, 525 
(quoted by Bomet) 

3 Bomet, E Opotherapie SuirSnale dans la maladie d’Addison Bull de 
l’Acad de Med, Pans, 1909, senes 3, Kn 154 
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It seemed leasonable to assume that Koch’s old tuberculin 4 contained 
these toxins, and that if the changes descubed by Bernard and Bigard, 
Pansot and Lucien, and Bomet, weie caused by products resulting 
from the giowth of the tubercle bacillus m the human body, we might 
expect to produce similar effects by injecting tuberculin into rabbits It 
was thought better to use tuberculin 5 lather than to inoculate the an im als 
with living bacilli because m the former case we could regulate the dose 

and because we could be sure tlieie weie no tubeicle bacilli m the adrenal 
glands. 

Oui expei imental proceduie was as follows We employed two series 
of animals In the first series we started with very small doses of 
tuberculin m order not to kill the rabbits should they develop the signs 
of a toxemia The fiist mictions weie 0 01 gm repeated daily No 
evidence of disease being noted, we gradually increased the dose up to 
0 ^ the second series the dose throughout was 0 10 gm In 

no case did the animals show any of the symptoms of a. toxemia They 
id not lose weight or strength, remained lively and ate well In 
several instances they gained weight 

, ^ unc ^ loris the adrenal secietion which are most firmly 

c is ed, are the glycogenic and the piessor It has been shown by 
ges and others that persons suffeung from Addison’s disease, and 
°gs rom whom the adrenals have been excised, have an amount of 

adr \ ^ 00< ^ t' ar below the normal Subcutaneous infections of 

m, on the other hand, cause a transient hyperglycemia A low 

of h occurs m the great majority, and perhaps m all cases 

ti ,, 1S ° n s disease Injections of minute doses of adrenalin, on 
^her hand, cause a sharp rise m blood-pressuie 

tions of tj GI ' i y ti ether we had mterfeied with oi destroyed the func- 

the ner 't & rena ^ m °nr animals we m the first place compared 

. &e fibrcose present m the artei lal blood of rabbits which 

Tubeicle bacilli^n ^ U ^ ercu ^ m K. Mulford & Co ) is prepaied as follows 
The cultu re is & 8 rov m on glycerated broth for from thirty to sixty days 
hulk o\er live ste ln ^° dlsdies and evaporated to one-tenth its original 

Product attl le d ^rate from this concentrated broth is the finished 

cent salt solution t ^ tuberculin was mixed with a sufficient amount of 0 9 per 
receii ed into each f° ° 1V6 desired dilution One c c of this solution was 
m Unter, the wate° ^ Se ! 16S am P°ules, the latter were sealed and submerged 
absence of a pres^ 01 ^ e< ^ 40r ^ve minutes It was found necessary m the 

sterility -rring fluid to take these precautions m order to maintain 

^10, l\ Xj e 243 ° Zur Patll0l °8 lc de s Morbus Addison Ztschr f klm Med , Berl , 



252 


ARCHIVES OF INTERNAL MEDICINE 


had received injections of tnbeiculin over a long period of time with that 
found m normal rabbits 7 

A striking decrease m the glucose content of the blood was found 
In Babbit XXIII, 'after 4 55 gm of tuberculin had been given m the 
course of four months , and m Babbit XXXV, after 7 1 gm had been 
given m the course of three months, the glucose was present m such 
minute amounts that no test with Felilmg’s solution could be obtained 
It is interesting to note that, m these same rabbits, there was no definite 
hypoglycemia after Babbit XXIII had received 0 81 tuberculin m the 
course of three months, and after Babbit XXXV had received 3 1 
tubeieulm m the course of one month and a half In another rabbit, 
Xo XXV, after 4 31 gm tubeieulm had been given m the course of 
four months, an infinitesimal amount of glucose — 0 006 per cent — was 
found This rabbit after receiving 0 87 gm of tuberculin m the course 
of two months, showed a blood sugar content which equaled about 50 
pei cent of the normal Babbit XXXIV, aftei 7 7 gm of tuberculin in 
the course of three months showed less than half of its normal percentage 
of glucose It uould seem that the total length of treatment was a 
more impoitant factor m deter mining the decrease m the blood sugai 
content than the total amount ol tubeieulm injected The accompanying 
table «hows clearly the effect of tuberculin on the pei cent of glucose m 
the blood 

In the next place we employed a method described by Cooke 8 to find 
v hetliei we had intei fered with the pressor function of the adrenal 
glands m our experimental animals Cooke nished to compare the 
piessor effect of the adrenals of a peison dying of tuberculosis of the 

7 The method used for determining the peicentage of glucose in the blood was 
ns follows Aftei fasting twenty four hours, the rabbit was etherized, the carotid 
arteiy dissected free and bled into a 50 cc •volumetric flask containing 5 cc of n 
2 per cent ammonium oxalate solution, until the flask was about three fouiths 
full Distilled watei was then run into the flask from a buret up to the 50 c c 
mark, the amount of water used, noted, and this plus 5 subtracted from 50 to 
determine the amount of blood obtained To 200 c c of n 2 per cent solution of 
HC1 and 200 c c of a 5 per cent solution of HgCL, contained m a 500 c c graduate, 
the contents of the flask, and enough w ater to make 500 cc w ci e added and the 
w hole filtered ELS was passed tlnough the filtrate until a black precipitate was 
obtained and this was then filtered and the amount of filtrate noted From this 
the pioportion of the original 500 cc remaining as filtrate, and so the proportion 
of the blood it contained, was calculated The filtrate was neutralized with NaOH 
and evaporated to about 25 c c Felilmg’s solution was added in excess The 
resulting precipitate was collected on an asli free filter paper, washed until no reac 
tion for sulphates was obtained, dried, ignited m a weighed porcelain crucible and 
weighed This gives the weight of the CuO thrown down by the glucose From 
this the amount of glucose m the original volume of blood, and so the peicentage, 
is calculated 

8 Cooke, J V Some Observ ations on the Blood Pressure Raising Substance 
of the Adrenals m Acute Adienal Insufficiency The Aitcinvrs Int Med, 1912, 
ix-, 10S 
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adienals, with that found m human beings d>ing of some othei disease 
He ioimd that the diseased poitions of the tuberculous adienals caused 
no use m the blood-piessme tiacmg of a dog. wdieieas, the extiact of 
the “nonnal’ adienals caused a use quite similai to that piodueed b} 
injection of adrenalin A “noimal v labbit was etheu/ed, the eaiotid 
aitei} exposed and connected with a waiting level through a meiemy 
manometer The labbit’s noinial piessuie was waitten on a kjmogiaph 
One of the “Heated” animals was killed, the adienal glands lemoved, 
gi um d in a 11101 tai with sand and ten lolumcs of salt solution added and 
centufugahzed A poitiou of the supernatant fluid was injected into 
the eai iem of the “noinial 5 labbit It will be ^een (Figuies 1 and 2 ), 
that a shaip maiked use occuned len quickh We must conclude 
horn these tiacmgs that the piessoi function of the adienal «ecietion 
had eithei been inteifeied with iei} slightly oi not at all 



„l ,' c 3'jftect on blood piessuie of expenmental injection of extiact of adienal 
^ Intia\enous injection of 2 c cm of the extiact of the adienal 
° dphitXo XXXV B Intia\enous injection of 2 e cm of noimal salt 
m k 10 ? 1 ^• 1£nenous injection of 1 minim of adienalin (P D & Co 1 The 
tuii'T ri)°\ e ^ ec t of the adienal extiact is appaient 11ns animal s blood con 
ohtnne si ° ' * G ^ llcose that no piecipitate with Folding s solution could be 
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mul 110W tlY lr ^ ei P ie ^ 0lir findings, we would saj that the 
do" VGC ^ U ' )0 ^ UCnila P 10 duced would stiongly suggest that an extieme 
hioiHf 0 ^ ^ linc ^ 1011a ^ sufficiency of the adienal secietion had been 
ui the' fi^nd, such a conclusion is not wan anted 

did no aCG ^ ie P lecQ01 function remains mtact and 

u oi ■ L ^ c ^ lsonian mptoms weie noted Most of the data 

dm po^nl lead us to believe that the glicogemc and pressoi func- 

"Hlimd n iaBC ^ )a ^ 110 maj ked alteiation oceuis m the one 

) n r |\ a ec ^ ni s the othei In Addison’s disease w r e find not only a 
"e (ru a ^ so a hl°od-pie«suie Aftei injection of adienalin 

Pj ° 0n ^ a b^P^gheemia but also an mcieased blood -pre=sme 
vum i n r" Ce mi § ht P 1 esented to show that changes can 

11 10 cogemc function without imoinng the piessoi function 



lAnrn Showing ErrrcTS of Tuberculin on rm Adrfn at Function 
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an q iue icisa, is not ot a vei} convincing natuie Shui and Weigel , 0 
Gold/iehei and Molnai , 10 and Goldzieliei 11 have tued to piove that the 
blood of chionir nepliiitics contains an excess of adienalin, and the} 
liax e attnbnted the high blood-pi essnie found m this disease to the 
action of this excess Tf this ueie a fact we should hate an example 
of a piessoi effect without a eoiiespondmg gh cogem c one But O’Con- 
noi 12 Bioking and Tiendelenbuig , 13 and Falta and Flemming 14 hate 
shown that the method's used foi detei mining the amount of adienal 
‘•ccietion piesent m the blood seium, aie fault} , and that consequentlt , 
the conclusions based on these methods aie not tenable Falta 15 has 
•suggested that human diabetes mellitus might, m ceitam instances, be 
the lemlt of otei function of the adienal glands If such weie the case 
this Mould seive as an example of a gl}cogenic effect without a cones- 
pondmg piessoi effect But we have no dnect evidence m sappoit of 
Falta’c hypothesis 





A B 

lug 2 Effect on blood piessuie of expenmental injection of extinct of adienal 
gaud m a labbit A Tntiavenous injection of 0 8 c cm of tlie extiact of the 
adienal glands of Rabbit No XXXIV B Intiavenous injection of 1 6 c cm of 
iioirnal salt solution The maiked piessoi effect of the adienal extiact is appai 

mt Ibis animal’s blood showed a moie than 50 pei cent l eduction m the glucose 
content 


• 8eluu II, and }} ei«el J Reitiage /ui Plnsiologie und Pathologie des 
clnonnfln on Gewebes }} ien him Wchnschi , 1007, x\, 1202 

10 Gold/iehei M and Moln'n, B Beiti.ige /ui Fiage dei Adienalinanne, 
\\ ion him Wchnschi 100S, \\i, 215 

11 Gold/iehei M Beiti ige /ui Pathologie dei Nebennieien Wien him 
VcluNcln , 1010, win, S00 

I - OC oniioi, ^ ^ Uebei Adienalinbestinnnung ini Blute Munchen med 

\\ cliiispin 19n hlI] 143g 

, ^ diiokmg E and liendelenbuig P Adienulinn ichneis und Adienalm 
nclialt des liienschhchen Blutes Deutsch Aicli f klin Med 1011 cm 10S 

1 1 ilta }} and Flemming G B Uebei die Wiikung des Adienalins und 
i mttins auf den ubeilelienden Kaninchenutei us und ubei die Veiweitbaikeit dei 
ciusinethodc fm den Adienalinnachneis nn Seium Munclien med Wchnschi 
T'll hin 2040 

. ^ ^ ^ Uebei die Geset/e dei Zuckei iu-«clieidung beim Diabetes mellitu® 

/t ' ( "i 1 klm ^Icd Beil 100S l\i 300 

o li-ihei Mu tm II Pci-onal communication 
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Maitm H Fiscliei 10 lias suggested that oui findings might be 
explained on the basis of fevei produced by the tubeiculo-to\in winch 
so inci cased the carbohydiate metabolism of the labbit that theie Mas 
piodnced m ithin the organism a gieat reduction of the glj cogen content 
This explanation might be possible but it seems to us that such maiked 
1 eduction in the amount of gh cogen as Mould he lequned to pioduce 
such lesnlts as mcic obtained m Rabbits XXIII, XXV and XXXV must 
necessaiil) be aecompaned by some of the symptoms of infection such as 
loss of appetite, lo«s of m eight langnoi and m eakness , none of Minch 
occui led as may be seen by consulting the table Rabbit XXXV lost 
0 1 kilos but this is explained hx the fact that it Mas Mcighed foi the 
hist time vei> ncai the end of piegnancx Rabbits XXTII and XXXIV 
maintained a eonsiant m eight and Rabbit XXV gained 0 3 kilos At 
no time dining the com«e of oui expci nnents did am of the=c iabbit« 
sIiom any sign oi symptom of disease 

It is impossible m the pie=ent state of oui knowledge to ene a 
=ati«fa(ton explanation foi the ie c ult= mc ha\e obtained 

I’ROJOCOI s 

Proiocoi 23 — 'Belgian hie Malt 10 kilos Fiom Tune 11 1011 to Jul\ 
0 1011 liftetii subcut moons miections of tuboiculin 0 01 gm it each miectioii 
Fiom Tuh 11 1011 io luh 27 1011 nine injections of tubcicuhn 0 02 gm 
it each injection 

Fiom Juh 2S 1011 to August 20 1011 tuthe injections of tubeiculin OOG 
gm it each injection 

1m om August 30 1011 to tbe end of tlie expei lineiit Xo\ einbei I 1011 tlm tx 
file injections of tubeiculin 0 10 gm it eioh injection 

August 13 1011 blood 1 i om i iglit cuotul uten showed 0 130 jiei cent glucose 
Oetobei 22, 1011, blood fi om left eaiotid niton showed no pi capitate with 
rdihng’s solution 

Protocot 24 — 131 iek mid white mbbit Male 2G kilos 

Tune T4 1011 blood fiom ngbt eaiotid arteia sliowed 0 150 pei cent glucose 
Xo fuitliei ob=eia ition 

Protocol 25 — White i nblnt Male 1 0 kilos 

Fiom June 23, 1011, to Julj 0 1011 nine injections of tubeiculin, 0 01 gm nt 
each injection 

iiom July 11, 1011, to Juh 27 1911, nine injections of tubeiculin 0 02 gm 
at each injection 

Fiom Juh 30 1911 to Augu=t 20 1011 fouitcen injections of tubeiculin 0 OG 
gm at each injection 

August 19, 1911, blood fiom light eaiotid oiteii shows 0 0S2 pei cent glucose 
Fiom Septembei 2, 1911, to November 5 1911 tbntx nine injections of tubei 
culm 0 10 gm at each mjection 

October 29, 1911, blood fiom left eaiotid aiteia shows 0006 per cent glucose 
Deeenibei 10, 1911 thnty five daas aftei the last injections of tubei culm blood 
fiom femoial aiteic shows 0 094 pei cent glucose 
Protocol 30 — White labbit Female 2 0 kilos 

Blood from light caiotul arteix show’s 0 098 pei cent glucose Xo fuitliei 
obsei \ ation 

Protocol 34— White labbit Male, 2 7 kilos 

Deeenibei 23, 1911 blood fiom light carotid aiteij shows 0133 pei cent glu 
co-,e 
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Decembei 28, 1911, to Apiil 14, 1912, ninety injections of tubeieulm, 0 10 gm 
at eacli injection 

Apnl 1, 1912, blood fiom lett caiolid arteiy shows 0 061 pei cent glucose 

Apnl 15, 1912, animal killed by a blow on the bead Adienal glands lemoved 
and maeeiated in salt solution, 2 cc injected into the eai vein of a normal labbit 
nnting blood pi essure as shown in Fig 2 

Protocol 35 — Black and white rabbit Female, 2 0 kilos January 8, 1912 
to April 6, 1912, seventj-fhe injections of tubeieulm, 0 10 gm at each injection 

Januaiy 24, 1912, a littei of four bom dead 

Febiuaij 16, 1912, blood fiom right caiotid aiteij shous a definite gljcenna 
Piecipitate lost 

Apnl 2, 1912, blood fiom left caiotid aiteiy shows no pi ecipitate ivtth Fehhng’s 
solnLon 

Apiil 7, 1912, animal killed by a blow on the head Adienal glands iemo\ed 
and maeeiated m salt solution Iwo ce injected into the eai vein of a noimal 
nbbit untmg blood piesmie as shown m Fig 1 

410 Mailboiough Stieet — Umveisity of Cincinnati 



STUDIES IN AUSCULTATORY BLOOD-PKESST7KE 

PHENOMENA 

i Tiir rs:pLnn[Lxr\L dlelrmin vjton or diastolic pressure 
LOUIS M WARFIELD M D 

Mil W UJkl I MIS 

INTRODUCTION 

The mci easing conception of the nnpoitance of hlood-piessuie detei- 
minations as aids m medical diagnosis has led to consideiable w 01 k on 
this subject 

Since Korotkofi, 1 in 1%5 demonstiated his au=cultatoi\ phenomenon 
theie lias been a giadual adoption of tins method following the xecom- 
mendations of woikeis who haxe made compaiatne leadings with tln« 
and Uskox s splngmomanometei xon Beeklinghansen s tonometei and 
Pals sph} amoscope As theie seemed still to be a difleience of opinion 
legal ding the point wheie the dia c tolic piessme should be lead the 
majonh ot Geiman authoi« holding that it should be lead at the so-called 
ionitli phase wheie the loud sound suddenh becomes dull the Ameiican« 
using the disappeaiance of all sound the fifth phase as diastolic piessme 
leading an attempt wa« made to settle the question b\ actualh lecoidmg 
piessme and sounds siniultaneoush on dogs 

tiie mvsrouc pressure xnd irs deti rmin vtion 

Howell and Biush 2 weie the fi]«t to show expenmentallj that the 
maximum oscillations of a lexei attached to a meicmy column cone- 
sponded to the diastolic piessme This was fuitliei delimited hx Eilangei 
and Hookei,’ who woikmg with noimal men with the foimei s instill- 
ment, showed that the point wheie diastolic piessme should he lead was 
at the sudden diminution of the size of the maximum oscillations In an 
elahoiato cntical leview of the liteiatmc healing on hlood-piessuie and 
paiticulaih diastolic and pulse-pi essui e, with the 1 elation of the pulse- 
pres=me to the veloatx of blood-flow thex concluded that theie was some 
lelitionship between the xelocitv of blood and the pulse-piessuie which 

Wiom the Plnsiologic Laboi atoi \ of the Uimeisitx of Wisconsin Pi of J A 
I" 1 Eistei, Dnectoi 

1 Koiotkoff Zui Metliodik dei Blutdi uckmessung Mitt d k mil med 
Akid 7ii St Peteisbmg 1905 \i 305 

2 Howell ind Biush A Cutical Note upon Clinical Methods of Measinnig 
Blood Piessure Boston Med and Sing Join , 1901 cxlv 140 

3 Eilangei and Hookei An Expei miental Studx of Blood Piessme and of 
Pulse Piessure in Man, Jolins Ilopkins Hosp Rep 1904, xn 145 
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could be exposed as veloeitx = pulse-iate X pulse-pi essnie They how - 
ei, weie caieful to call attention to seveial modifying factoi s, but on 
the whole they thought that given ceitam constant factoi s all of which 
would hardly change at one time, the letationslnp between pulse-piessuie 
and x elocity held good Dawson and Goiham, 4 m an expel imental study 
ot the lelationship of pulse-pressuie to systolic output, conclude that 
“nuclei noimal conditions and dui mg vanous pioeeclures (namely, stimu- 
lation of the vagus centially and penpheially, saphenus neive centially, 
and of the annulus ueussentis, mtiavenous tiansfusion ol 0 7 pei cent 
sodium chlond solution, mtia-aiteiial tiansfusion of stiong caibonate, 
bleeding and asphxxia) the pulse-pressuie i° a lehable index of the 
systolic output ” 


i 


2 3 


It 



’mm 


* * tigmes aie to be lead fiorn left to light The top line lecouls the 
tones V' IC m S0Mn, ^ s " Pie heaid, the figuies above the slioit veitical lines lefei to 
pievsu] SCe ■p^ ® ^ uuixmium blood piessuie M B P minimum blood 

bull) n° i piessuie bulb lecoidei It was impossible to lowei and laise this 

i„.„, !v ' ,U ! C , " '^ lou t obtaining the gieat megulai oscillations of the attached 
e t!le me cun manometei BL base line 


^ ^ icie have been desonbed foui methods of estimating the diastolic 
’ - ^ ^ lc oscl hatoi} (Janeway, Masnig) 2 The palpatoiy 

- mgei Hnschfeldei) 3 The giaphic (v Recklinghausen, 
Rilangci) 4 The auscultatoiy (Korotkoff) 

tint i] 10 ^ 0 ^' 111 011 g in al communication called attention to the fact 

do i] C * as ^ lc occimed at the end tone, that is, at the point uheie the 

5H< ^ one " a<5 suddenly leplaeed by a dull tone His masons xxeie 
uu oietical 


ban 


Vx , a " (1 Gotham ’i he Pnfcc Piessuie ns an Index of Sxstolie Output, 

JApoi Med IOCS \ 4S4 
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Fischer* found the o=cillatoiy maximum and minimum and compaied 
them with the auseultatoi \ maximum and minimum He used the i 
Recklinghausen in«tiiimcnl Tie found that in 150 cases the oscillatoiy 
and auseultatoi y minimum weie equal in foit\-=even cases In fifty -d'e 
the oscillatory was piacticalh equal io the auseultatoi 1 to 3 mm Tig 
less negligible \ allies In tuenh-foui the difleience was 4 to 6 mm , m 
twelce ca«es 12 to 16 mm In 102 cases with the i Recklinghausen 
lnslnunent theiefoie theie w'as agi cement be! ween oscillatoiv and au«cul- 
taton minimum Fischei aimed at the conclusions that the auseultatoi \ 

J 

method of measunng blood-pi esguie was the most accuiate and that the 
diastolic leading oecuned at the so-called fouith phase i e when the 
loud tone of the tlmd phase suddenh becomes dulled 



Tig 2 — fi icing of anacultaton phenomena See explanation in legend of 
Figuie 1 

Lang and Manswetona 0 compaied the auseultatoi v method of Koi ot- 
ic off with the giaplnc method on the v Recklinghausen tonometei They 
found that the onset of the thud tone was coincident with the greatest 
oscillation of the tonometei They stated that the auseultatoi y method 
could not be applied to dogs It is not cleai m then descnption just what 
method tliex used m then work on dogs They speak of a physiological 

5 Tisclici J Die Auskultatorisclie Blutdiuckmessung ini Veigleicli nut der 
osziIluton«chen \on Heinncli a on Recklinghausen nnd iln dnicli die Phasenbestim- 
nmng bedingte Weit, Ztsclir f diatet u physik Theiap 1009 \n, 380 

0 Lang and Manswetona Zui Metliodik dei Blutdiuckmessung nach a Reck 
lmgliausen und Koiotkoff Deutseli Aicli f klm Med 1008, \ci\ 441 
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and clinical method and saj that they had success m dogs only with the 
oscillatoiy method Fiom then expenments they concluded that the 
diastolic piessuie i\a<* coincident with the change fiom the gieatest oscil- 
lation to one definitely smallei 

The diastolic piessuie is not, accoi cling to them, to be taken v hen the 
oscillations aie laigest, but at the place wheie the gieatest oscillations 
become suddenly smallei 01 uhere the oidmaiy loud tone gives place to 
a dull tone, viz , at the so-called t’ouith phase (Ettmgei 7 ) 

At the moment ulien one notes the fust deeiense in size of the gieatest oscilla 
fions, the Koiotkofl’ tone becomes suddenly weakei, then soon ceases oi suddenh 
the tone vanishes entneh This hist deciease in size of the laigest oscillations 
and the fust dulling of Ivoiotkoff’s end tone maiks the diastolic piessuie and not 
Hie end of the laige oscillations and the complete disappeaianee of all sound 
phases 



1 Jg 1 Tiacmg of auscultatou phenomena 

1 lgme i - 1 


See explanation in legend of 


ilaugei s demolish cited vith his mstiument that by the method of 
eoi muons escapement the diastolic piessuie \\a« at a point wheie the 
maximum oscillations suddenly became smallei His leadings were within 
^mni of the actual diastolic piessuie By means of the intei mittent 
^ ie obtained iccoids shoving this same point He made an 
win e iieulahon schema using among othei matenals a piece of 

him iv 1 ;! tl, ’f r au scultatonsclie Blutdi uckmessung nncli Koiotkofl Wien 
"" ''cJmschi mor \\ 902 

mum, lu'^t'p 01 J ^ - Se " histnunent foi Detei mining the Minimum and Miv 
c »h refines in Man Johns Hopkins Hosp Hep 1904 \n 53 


2i>2 \itc linns or ;\ ti;u\ \l mudicimj 

lecentl) lemoied aiten wlueli was pl.iced m a plctlnsmogiaph and con- 
nected with a manoinetei and with a piessuie bottle He pio\ed that the 
diastolic piessuie was coincident with the gieatest expansion of the aiten 
and he noticed that when the aiten was expanding to its fullest extent at 
eveiy pulsation tlieie was a clicking tone pioduced Van "Western ij Id 1 
made compaiative leadings with the auscultaton method and the TJskoi 
sphigmomanometei and with Pal s spin gmo=cope Tie consideied that ln= 
expenmcnts showed that the gieatest exclusions of the leiei of TJskoi « 
mstiument and the gieatest oscillations of Pal’s lnstiuinent were coinci- 
dent with the second clcai tone lieai d with the stethoscope (the thud 
phase) He found that the sudden fall in maximum exclusions wa= ien 
neai oi at the disappearance of all tone in the lnajonti of cases studied 

ff - - SBBBSSSSSSBaSS 

I i 3 H 



Fig 4 — Placing of aiiscultatoix phenomena See explanation m legend of 
Figuie 1 


Huschfeldei 10 mentions some cleiei initiations made at the Johns 
Hopkm& Hospital ivitli the Eilangei instillment and the auscultatoiy 
method which seemed to slioiv that the disappearance of all sound the 
fifth phase, was the point ivlieie diastolic piessuie should be lead 

Aiticles in Aniencan liteiatnie (Gittmgs 11 Goodman and Howell 12 ) 
have consicleied the disappearance of all sound as the diastolic piessuie, 

9 Van Western i]k Uebei die Bezieliungen del Tonmethode del Bestmi 
inung des Maxim il und Minimal Blutdi ucks zu den ubngen Metlioden und nbei 
uie Bedeutung diesei Giossen, Ztsclu f klin Med, 1908, Km, 465 

10 Hnsclifeldei, A D Diseases of the Heart etc 

11 Gittmgs J C The Auscultatoi j Blood Piessuie Phenomenon, The 
Archiies Iist Med 1910, vi 196 

12 Goodman and Howell The Auscnltatoi a Blood Piessuie Phenomenon, 
Unix Penna Med Bull 1910 xxni 469 
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and ha\e seemingly ignoied the most impoitant of the Geiman article*, 
taking Ettmgei’s void that the disappearance of all sound was the point 
vheie the diastolic pressure should he mea*uied 

EXPERIMENTAL DATA 

The pioblem was Is it possible to use the auscultatoiy method to 
pioie expenmentalh that a ceitam change of tone and not the disappeai- 
ance of all sound, indicates the point to lead diastolic piessuie? 

Method and Apparatus — Dogs iveie ethenzed and a tiaeheal cannula 
placed in the trachea connected with the usual etliei bottle It was aimed 
to pioduce umfoim narcosis thiougliout a senes of obseivations on a dog 
The light femoial aiteiv w as connected with a meicuiy manometei the 

i a 3 



Fib ■’ 
1 lame 1 


-Tncme of auscultatoiy phenomena See explanation in legend of 


ciei^of nliicli wiote on a l evolving dium In tins piessuie system a 
uuon maximum and minimum piessuie vahe was mtioducecl so that 
kfl f 1GS ^ le el ^ iei s^siolic oi at diastolic piessuie The 

in a Cni ° ra ^ ai * ei ' " as exposed fieeh Poupait® ligament was cut so a* 
as c ^ !ailce possible foi undue compiession at hist the 
^ U)i j Rla chambei deuced bv Eilangei s was ti led, but it failed to 

0 j. , V '° C1! P <? Vi nidi deep weie made Fiom two opposite pole^ 

v tuhm ? ^ The nm of each cup on two opposite pole* 

L,) °ui a trifle Pubbm dam w,u then tied o\ei each cup i.itbei 



204 
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loosel) and this was connected with a xessel of watei which could be iai=ecl 
oi lowered and to a meicuiy manometei which lecoided the piessme 
m mm of Hg The writing level was ananged to maik at, 01 veiv neai 
the blood-piessuie markei A timei on the base line and a lexer attached 
to a ke) which when piessed, made a mark on the drum iccoid, completed 
the apparatus An assistant held m place the cups one above, one below 
the aiteix, anothei manipulated the clium and the piessiue bottle and T 
listened ovei the femoial aiten, distal to the point of compiession usme 
a stethoscope with a small bell Recoids weie made with descending and 
ascending piessuie 

A txpieal iccoid was made as follow s The compiession chambei was 
secui eh held aiound the femoial aiten and the c tethoscope placed fiom 



Fig 0 — Jncing of nuscultntoi \ phenomena See evplnnition in legend of 
Figure 1 

2 to 3 cm below on the skin oi muscle dnecth o\ei the aiten The 
picnmie m the bulb w r as now r raised above sx stolic piessme, the dinm 
started, the maximum and minimum xalxe turned to minimum and the 
bulb giadually loweied It was impossible to lowei this xessel giaduall) 
without giving megulai waves on the kymogiaph Without being able 
to see (mx back was to the dium) I piessed the maikei ke)' (the line at 
top of all lecoids) when there was change of sound and called the diastolic 
when I heaid the tone change at the time the ke) was piessed The obiect 
was to find it a ceitam definite change of tone was coincident with the 
diastolic piessure When the line made b) the level of the pi essm e-bulb 
connection crossed that of the diastolic piessme it. was thought that a 
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change of tone might oecm which could be lecogmzed as eonespondmg 
to the diastolic piessiue The study of the lecoids fiom the tlnee dogs 
diows that this was possible both with ascending and descending pressuie 
The sounds m an aiten of a dog as piessuie is released and moie and 
inoi e blood Hows through the eompiession site aie not like those of man 
Theie aie several leasons foi tins In the hist place, the aiteiy (except 
in vei y large dogs) is smallei than the biaclnal aiteiy of man It is 
Known that the Korotkoff tones cannot, foi example, be heaid oiei the 
indial aiteiy The arteiv must not only be of some size, blit it must be c o 
=itnated that the stethoscope bell can be actuallj placed ovei it on the 

I + 


M* BP 



1 i ,r uu> l ^ lac,n g of auscnltatoiy phenomena 


bee explanation 


ill i°iit comp testing the vessel In the second place, tlie femoial 
a ln ° S ^ 111 a ^ me A 'ith the aoita, and theie is onl} one 

, ~ ^ la ” c h (the internal iliac) which leceives a compai ativeh small 
A , the velocity m the femoial, especially when theie is 

ubvai 1 Vn' ^ a ^ n0S ^ e< I val t° that ln the aoita The tones depend on 
v tfl °. 3 00c ^ thiough the aiteiv foi then production (Fiscliei/’ 
‘hlititm t hciefoie m an anesthetized clog with maiked va=o- 

11 1Gle maA he a sound eien when no eompiession is made on the 
the mi] t0m ^ <n the sound heaid m aoitic msufficieno in man wlien 
epice^inc is piacticah\ equal to the s\stobc piessuie In the 
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thud plae°, tlieie is a maiked lasodilatation m the emulation of an 
ethen/ed dog, the penpheial lesistance becomes less, the sistohc pie=<nue 
is at the same time l.used so that at each systole oi the lieait the blood 
lu-lics into a paitialty collapsed ic j s=el and distends it to its utmost 
Eilangoi” has alieach shown that such a condition piodnces a shock and 
a sound 

E\ei\ one of the thiee dogs showed dilleiencos of tone on leleasmg the 
compiession aionnd the aiten It was necessan to spend s 0 nie time 
learning the quality of the tones in oiclei to deteimine (1) the chaiacteis 
ot the tone- lieai d (2) the sequence of the c\cle of tones Fiom twehe 
to e la'll teen ol)«enations weie made on each dog 

Doc 1 — Mu 17 1012 Fox ten hi dog weight 10 kilos W ltli pi essiue using 
f i oin 0 (Fig 1) the fii-t tone he, ml in tin- dogs feinoial uteiv w is n dull tone 
which exneth coi losjionded to diastolic pi os-ni e tint is wlieio the piessuie on 
the n ten equaled tin niininnini ]n essiue m tiie othei fenionl nten Tins dull 
tone soon gne pi ice to i sliaip eleoi tone at milk 2 Jlieie w is then a senes 
of nun nnus to he bond ending in i tone at nnik “1 somewhat similar to the 
fn-t tone In ud 

It will he noted that piacticalh all tones aio piesent m this paiticnlai 
aitcn although it was exhemeh ddhcnlt to difleientiatc them on account 
of tlm compaiatneb faint sounds Onh the lowei and uppei 1 and 3 
wee easih made out On the iceoids the position of 2 was callable The 
fiit-t dull tone occuned at diastolic piC5°uie in this senes the la=t dull 
tone occniiod at oi neat sistolic piessuie In the second senes fiom the 
same animal two figmes aie shown It was found difficult always to catch 
the tiict sound at sc-tohe pies«me In the deciease of piessuie conespond- 
m« to continuous escapement Thus m Elgin e 2 it is seen that the fust 
maik heaul is at a point below the maumuni piessuie wheieas the second 
maik iceoids the change of tone eonesponding to the change m man fiom 
the thud to the fouith phase and the tlmcl maik is at the disappearance 
ot all sounds This lecoid shows cleail\ that the change of tone occms 
piacticall) at diastolic piossure and the disappeaiance of sound is well 
below the diastolic piessuie 

In Figiue 3 of this «ones a slightly chfleieot lecoid is seen wheie the 
tiist sound, which was caiefnllv listened foi, occuned at maximum 
piessuie ancl again the change fiom sliaip to dull oecuned tust at diastolic 
pie««uie The stethoscope was lemoied befoie all sound had cea=ecl 
Tlieie is thus no maik foi the disappeaiance of sound 

This animal was the most satisfactoii of the tlnee, as tlieie was the 
sliaipest cliff eientiation of the sounds although the sounds weie faint and 
absolute quiet was neees=aiv m oidei to lieai them and a numbei of 
iceoids taken all showed the same eonespondence between the change of 
the =liaip tone to the dull tone at diastolic piessuie 
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n 0G 2— May 17, 1912 Bitch, weighing 11 kilos, Fibme 4 is a hpic.il lecoid 
among a numbei taken fiom this animal Ihe fust sound heaid is indicated 
at the maik 1 and conesponds to maximum piessuie llie second maik was at 
oi neai the point of ina\nnum intensity ot the cleai sound This suddenly became 
dull at maik 3 which is at diastolic piessuie and at maik 4 theie was a disap 
penance of all sound below maximum piessuie No lecoids w r cie taken fiom this 
dog with ascending piessuie 

Doc. 3 — June 5, 1912 Collie weighing 20 kilos This animal did not piove 
von sitisf ictoiv Theie was an exceedingly high blood-piessuie, evidently due 
to the cthoi The heait though noimal beat powei fully and the pulse piessuie 
was 130 mm 11 g, as much as the usual maximum piessuie It was impossible 
to get a disappeaiance of all sounds IToweiei, in the fhst senes (Fig 5), as an 
example, the fiiM change of tone as the piessuie was laised fiom 0 is seen to be 
dnectly at diastolic piessuie As it was not possible to laise tlie piessuie bulb 
up high enough to conipie«s the alien completely, the systolic sound could not 
ho obtained fiom any of tlie lecoids 

iii senes two of winch Figme 6 is ail example, it is seen that the 
aiten was not completely compiessed At X was a lonel sound piobably 
concspondmg to the tlnid m man, befoie that theie was a sound nraimui 
phase At 1 theie yvas a noticeable sudden dulling of the tone which 
gi actually faded off into the tone heaid oyei even the uncompiessed aiteiv 
H is c een that this maik 1 is just at chastohe piessuie 

It has not been possible to cany fmthei a laigei senes, noi does it 
'wm of any advantage, since the tlnee animals showed, with nnnoi 
^nations m individual tones the same essential featmes 


SUMMARY 


lheie aie auscultatoiy tone phases m the femoial aitenes of dogs 
wlncli couespond m a geneial way to those m man The systolic piessuie 
w at the point wdieie the hist tone is heaid as the blood lushes nndei the 
-de of compiession The diastolic piessuie is not at the point of dis- 
d])pe<uancc of «ound when the piessuie is giadually i educed oi at a point 
eoiicspondmg to that (a^ in Dog 3), hut oceuis when the hist dull tone 
1? leaif -* f°doy\ mg a ] 0 uc\ fe \ xa ip tone 

It is possible in dogs to measme aecmately the diastolic piessuie bv 
ie aiiscidtatoiy phenomena, using as the point of diastolic measui ement 

'o'm ] U ( C ^ an - e ^ one f 1 0111 the maximum sound heaid to a dull 
^ ^ ls fhciefoie concluded that the point wheie diastolic piessuie 

wb' 1 ! iT 1Gn ^ 1S ^ one c ^ ian § e fiom cleai to dull, not at the point 

beli) U l C ° UiK ^ ^ )5a l ) P° ai q This is, as a mle an appieciahle mteival 
] )(? t ' < K * 0 ^ lc piessuie In man this point yyheie diastolic piessuie should 

' u 1<s lUbt at the point ydieie the tlmd deal tone phase suddenly 
bionics a dull sound 

without at f 10 expiess Ins thinks to Pi of Evtfei ami to Di Meek 
mi]io^ih] c ' nine inteicM and coopt lation the ic^taich would liaxe been 
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An attempt ha= been made in the piescnt lesc.uch to deteimme 
appjoximatel) the length of tune dunng which the action of =c\eial oi 
the digitalins papists iftei the mtioduction ol Mutable dose* dncctl} 
into the rn citation with the hope oi (blowing some light on then 
so called cmnnlatne action 

One finds mam lefeience" in the liteiatme to tln c so-called cumulatiie 
action of (he digitalins hut theic luce been tew m\estigation« ot the 
phenomena othei than cluneal 

'The teim cumulation is mod somewhat loo-el \ but it i e geneialh 
undei stood to mean the action which is mamic-ted lathei ‘-nddenh aftei 
the continued use of do«os winch =ingl\ do not cau-e peucptible ettects 

Van dei Tloide 1 states that Mown and was the Inst to s(ud\ this 
subiect b\ means of animal e\pei imentaiion in 187°) but the lcsemch was 
incomplete, c o Jai a« cumulation wa« coneemcd «mee that ime=tigatoi 
was mte’ested niainh m the hi-tologie chances induced in ceitam oigans 
dm mg cliiomc digitalis poisoning 

Selnniedebeig 2 states that the tluce digitalis pi maples digitalcm 
digitalm and digitoxm aie ab«oibed with icdatne dithculh and «lowh 
exacted, and on the c e taclois the so-called cumulatne action of digitalis 
is dependent m pait m pail on a stoiage ot the actnc substance 111 the 
oigamsm when digitalis is used foi piolonged penods dining lenal 
distmbance 

These deductions of Schnuedebeig s appeal to he based on theoretical 
consicleiations , at least T am not awaie ol am expei nnents on which the^ 
aie based dnecth, and ceitam of the digitalins appeal to be excieted 
tlnongh the gastio-mtestmal tiact to a gieatei cvtent than tlnough the 
kidneys 


Reid in the Section on Plwu macologs iml 1 beta politics of the Amezicin 
"Medical Association it the Sixtc thud Animal Session held it Atlantic Citi, 
June 1912 

From the Libontoii of Ph uimcologi, Cornell Unneisiti Medici I College, 
New Yoih 

The expenses of this imestigition weie home in pait In the TUci apeutic 
Reseii ch Fund of the Amencan Medical Association 

1 Van dei Ileide Areli f expei Pith u Phiim ISSj xix 127 

2 Selnniedebeig Aich f expei Path u Phaini, 18S3 xu 1S5 

3 Hitcliei Am Jom Pin mol, 1909, xxm, 303 
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Van dei Heide 1 investigated the cumulative action of helleboiem 
after injecting it subcutaneously into rabbits, and that of digitalm and 
helleborem administered to dogs by the mouth and rectum, and sub- 
cutaneous!} 

Owing to his employment of these several modes of administration, 
and of van mg amounts of the drugs at irregulai intervals, and even of 
both diugs m the same expenment, m some instances, it is difficult to 
form a collect opinion of the value of the conclusions at which van dei 
Heide ai rived His results are complicated still further by the fact that 
lie used an impure digitalm, which consisted of digitalem mainly, and 
this nas dissolved m a 3 per cent infusion of digitalis for subcutaneous 
injection , hence his results are due to the use of digitalis rather than to 
true digitalm, m those expenments where helleborem was not employed 
Van der Heide calls attention to the fact that the word cumulation 
indicates that the phenomena were attributed to a storage of the active 
punciples m the organism, but he remarks that the earlier writers had 
no very clear conception of the method by which storage took place, and 
I might add that the same degree of uncertainty still exists 

He concluded that the dog and rabbit showed cumulative symptoms 
so far as the caidiac effects were concerned, and habituation on the pait 
of the nervous system 

The next important phaimacological investigation of this cumulative 
action of the digitalms was made by Fraenkel, 4 who admmisteied several 
of the digitalms to cats by subcutaneous injection and attempted to 
observe the cumulation by means of the slowing of the pulse-rate, by the 
onset of gastio-mtestmal symptoms, and by the death of the animal, 
following the lepeated injection of doses which were individually too 
small to produce these effects 

Fi aenkel's conclusions have been quoted very frequently, but I believe 
that he made nnpoitant errors, and, since certain of Ins statements are 
nieconcilable with mine, it will be necessary to discuss some of his 
experiments later m connection with my own 

Cloetta 5 tiled to estimate the storage of one of the digitalms m the 
hearts of frogs and rats uliich had been poisoned with laige amounts of 

the drugj but he u as unable to detect even traces of the poison m that 
organ 

Schliomensun G found that a gioup of substances (alcoholic phos- 
phatids) could be isolated from the hearts taken from the human cadaver 
and from the dog, and that these substances appeared to possess an 
special capacity for combining with the digitalms chemically, while the 

t J ra< ’ nkel Arch f exper Path u Pliarm , 1903, li, 84 
> Cloetia and Fischer Arch f cvpei Path u Phaim, 1906, hv, 294 
Schliomensuu Arch f exper Path u Pharna , 1910, Ixin, 294 



2(0 archives of interval medicine 

coi responding fractions obtained from tlie Iners and skeletal muscles had 
no such affinity 

This observation of Schliomensun^s would seem to indicate the pos- 
sibility of storage of the digitalms m the heart 

Straub' concluded that no storage of ouabam occurred m the tissues 
of the hcai t, as a result of his perfusion experiments, m which he found 
that the poison could be washed from the heart before it stopped beating 
by meiely substituting fresh Rmgei's solution for the poisoned per- 
fusion fluid 

Lhotak von Lhota 5 studied cbionic digitalis poisoning induced m 
labbits by oral and subcutaneous administration, and concluded that 
labbits showed cumulative effects up to the tenth day of the poisoning, 
and tolerance thereafter 

The use of the rabbit for this t}pe of experiment, and the emplovment 
of the digitalms by oral and subcutaneous administration for these 
investigations will be discussed m connection with my own results with 
such experiments 

CAUSES or ACCU.MULYTION, SO-CALLED 

Absoiption and excietion play an important i6le m the so-called 
cumulative actions of the digitalms, but it is an extraoidmaiy fact that 
w e know almost nothing about either of these processes, except that the 
late of absorption of these bodies from the alimentary tract is variable 

One finds extiemely loose statements in the literature concerning the 
length of time dui mg which the digitalms remain m the blood-stream 
after their mtioduction into the circulation, but so far as I have been 
able to learn these statements aie not supported b} experimental evidence, 
and the ciude attempts made by van der Heide to detect the digitalms 
m the organs and tlie circulating blood aie haidly worth} of mention, 
but the matter assumes much importance m view of the statement made 
by Straub, 7 8 that the standstill of the perfused frog’s ventricle depends 
on the concentration of the poison m the peifusmg fluid and not on the 
total amount which passes through the heart, and that dining perfusion 
no storage (m the common acceptation of the word) takes place m the 
tissues of the frog’s heart 

It may he stated here that experiments still m progiess m oui labora- 
tory show that practically all of a fatal dose of ouabain leaves the blood- 
stream -within about three minutes after its injection into the veins of a 
cat and we have also found that the cat’s heart is poisoned promptly 
when ouabam is injected m extremely dilute solutions (1-250,000) at 
such a rate that its dilution in the bloodstream must be less than one m 
five hundred millions if it leaves the circulation as rapidly under these 

7 Straub Biochera Ztsclir , 1911, xxx 392 

8 -von Lhota, L Arch jnt de plmrm et de tlierap , 1910 , xx, 451 
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conditions as it does when it is injected more iapidh r , and if sneli is the 
case there can he little doubt that the action of ouabain on the intact 
mammalian heait depends on the total amount which passes through the 
heart, and not on the concentration m which it exists m the blood, for 
the concentiation just mentioned is vastly less than that which Straub 
found necessary to bring the perfused frog’s heart to a standstill 

The slowing of the pulse-iate and the cardiac irregularity, which may 
be induced m many animals by the continued use of suitable doses of the 
digitalms have been utilized by several observers for the study of the onset 
and duiation of the digitalis action, but it is true, nevertheless, that the 
effects of digitalis on the heart-rate m the cat are quite variable and 
many of my mjographic tracings, taken at various intervals of time 
following the intravenous administration of large doses of the digitalms, 
give no visible evidence of their action on the heart, and m many cases 
these tracings aTe m no way different from those taken from normal 
animals, but it is impossible to suppose that the digitalms so admin- 
istered have produced no action whatever, though the effects of such 
action are not perceptible m the tracings 

Even m those animals m which digitalis causes slowing of the pulse 
rate, that effect is induced only after the administration of fairly large 
c oses If, for the sake of illustration, we accept 25 per cent of the fatal 
ose as the minimum amount which will he required m a given case to 
E °'' ^ le heart-rate appreciably, it follows that this effect will persist only 
UD 1 e hmmation has reduced the amount m operation to a point where 
ecomes ineffective, at which time even a small dose will suffice to raise 

md am i 01int ln °h era ^ lon "to hhe effective point and slowing will be 
ucec again, for the smallest dose which produces measurable symp- 

mnst consist of fractions which singly are insufficient to produce 
measurable effects 


ill ) WS dl § ltalls action often escapes attention m man and it maj 
mill] G °u me k &B1S ^ or hhe so-called cumulative action, because of the 
_ / aC ^ lona l amount of the drug which then suffices to raise the 
Tin ° 10 V ’ diere ^ 0X1C symptoms are manifested 
Peutic S ff S J Unders ^ ood rea dily when one remembers that the full thera- 
^amnarvffii) 0 ^ ls se P ara "ted from the toxic action only by an 


fhe diktat ° ne ma ^ lnves ^§ a ^ e fhe so-called cumulative action of 
q lc i enfr « mS . ^ ^udjing tbeir absorption and excretion, by determining 
aft dlmn & ^hich these prmciples remain m the blood- 

of tb eir ^ * iave en teied tlie circulation, be may study the question 
^'tcru ff ° ra ^ G m ^ ie * lssues > paiticulaily m the heart and nervous 
Pie obiect ^ determine the duration of action by observing 

sjmpioms, such as the slowing of the pulse-Tate and the 
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cardiac incgularitj, which they induce, as Fraenkel did, or he may 
estimate directly the degree to winch the pieviously admimsteied drug j S 
still effective, and the length of time duung which the action persist* 
As a mattei of fact, while casting about for the best means of investi- 
gating the subject I ha\e experimented along nearlv all the lines just 
mentioned, but the methods which I ha\e employed aie quite different 
fiom those used pieuously, and the icsults of these investigations will be 
published ;m a senes of papeis 

In the research with which this paper deals I have attempted to 
estimate the latent action of the digitalms as w ell as that which induces 
*} mptoms which are i cadi 1> observed, m other voids I have tried to 
determine the length of time during which the action of a single large 
dose, or icpeated doses of these bodies peisists, and the relative intensity 
of the pel sitting action after a given interval of time 

TECHNIC 

The following method was used m estimating the persistence of action 
of the digitalms in the cat and dog m the largei number of experiments 
which I have to icpoit 

The fatal dose of ilie digitalis bodv for a given species was determined m a 
series of experiments in which the drug was injected slowly and continuously from 
a liurct into the veins of the animals until death resulted after the typical symp- 
toms of digitalis poisoning 

Having thus determined the fatal do=e of a digitahn, a toxic, but not fatal, 
dose of tlie drug in measured amount was injected from a hypodermic syringe 
into the veins of a normal animal, which was then kept under observation for 
the required penod of time, varying from one to thirty days The animal was 
then placed on the operating hoard and tlie amount of the drug which was then 
required to cause death was determined in the wav just described for a normal 
animal 

The difference hetw eon the fatal dose for the test animal which had previously 
received the initial dose and that required bv a normal animal of the same weight 
must he duo to the peisistmg action of the initial dose 

The following, taken fiom the protocol of an experiment, will serve to illustrate 
tins method of estimating tlie persistence of action of digitalis 

May 10, 1912 Cat, female, weight 2 55 kg , 11 31 a m, heart-rate 248 per 
minute, 11 31%, heart-rate 20T per minute, 2 45 p m, heart-rate 210, cat much 
excited, 2 55, injected 80 mg digitalis per kg by vein, 4 05, emesis 
May 17 10 32 a m, animal depressed, heart-rate 258 252 

May 18 10 05 a m, appears nearly normal, heart rate 2 10 
May 20 1 25 pm, appears quite normal, heait-rate 256 
May 24 10 00 a m , anesthetized, digitalis injected slowly by vein, 10 48, 

toxic symptoms, injection stopped, 10 52, animal died, 62 mg digitalis per kg 
of bodj r weight had been injected 

A normal cat requires a dose of 100 mg of digitalis per kg of body- 
weight to cause death, but the test animal m the experiment just cited 
required only 62 mg per kg — a difference of 38 mg per kg — which 
represents the persistence of action of the initial dose after an interval of 
eight days 
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I ha\e used ouabain (the so-called ciystallme stiophanthm of Thoms) 
foi estimating this latent action of the digitalis principles m nearly all 
of the experiments recoided m Tables 1 to 5, inclusive, and Table 7 and 
10, because of the greater accuracy which is permitted by its use When 
ouabain was not used the fact is so stated m the footnotes accompanying 
the t,ible= 

The ike of ouabain m this way is based on the results obtained by 
Ilatchei and Brodj, 9 who found that ouabain and the various digitalms 
ueic capable of replacing each other m the estimation of the fatal dose, 
foi example, if 50 per cent of the fatal dose of digitoxm and 50 per cent 
of the fatal dose of ouabain v ere injected into the veins of a cat the effect 
was the same as that which followed the injection of a fatal dose of either 
ouabain oi digitoxm alone, except for the fact that when ouabam was 
used with digitoxm m this way death resulted more promptly than when 
digitoxm v as used alone, because of the comparative slowness with which 
just fatal doses of digitoxm act, wlieieas ouabam acts promptly when just 
fatal doses aie adnnnisteied, and, eui lousby, the combination of fractional 
c oses of digitalis oi digitoxm with ouabam also acts promptly'' 

This permits of gieatei accuracy m the estimation of the fatal dose 

0 ngitahs or digitoxm than would be possible were either of those bodies 
med alone m the manner previously described 

Ihe employment of ouabam also peimits of a more accurate determm- 
< ion o ie latent action of digitoxm, digitalis and other digitalms, than 

1 J 1 possible by means of those digitalms themselves for the final 

a= 1 w mllieimor( b the insolubility' of ceitam of these principles, such 

, , 0X1 n an<1 digitalm, mteiferes with then slow and continuous 

utrmenous administration 

methrvi P^tocol (in huef) of an experiment illustrates this 

1110(1 01 estimating the latent action of a digitalm 

digitoxm pei S * a I stnped > female, weight 2 2 kg 3 35 p m , 0 4 mg 

Milsion 4 m «! * CC 6 pei cent alcollol > by vein, 4 15, emesis, 4 25, con- 
.\p„l 17 s ' 7 - Pt ° ms s "ggest that dose is fatal , 

\pnl 20 9 30 P ln ’ attempts t0 ™mit, death seems imminent 
1 100000 solution f r m ’ " ei "bt 1 9 kg , heart is very lapid, 11 22 ouabain in 
pei cent of tlieaxerigcTt’l 11 ] 49 ’ aP(:C1 d 026 mg ouabam pei kg, oi 26 

ouabam fn ^ ^ ninial leceive d 26 pei cent of the aveiage fatal dose of 
per cent 0 f t) ^ S a ^ er lnilial dose °t digitoxm, it follows that 74 
die chmtoxm ^ ^° Se Was ^^dmtable to the persistence of action of 
AV] 

few ] Jour , or e - 1U | ena ^ l3elvreen llle drst dose and the final test is only a 
a a ~ llie SUTn °f the amounts injected is almost the same 

' HatC, ’ 0r Am Jour Pharm 


1010, kx\n 360 
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utcmvns of iKrnnyAL mjjdigimj 


a« that which would be lequned at a single miction to cause death 
because the effects of a fan]) lmge dose of digitalis 01 digito\m peisist 
almost unchanged foi a da) 

When the internal following the ndmini<-hation of a gnen initial dose 
is as much as a week the amount lequned to cause death at the time of 
the final test is somewhat \aiiable because elimination takes place at \ei\ 
difftreni laics m difleicnt animals, but e\en a= late as a month aftei the 
mtia\enous mieftion of a near!) fatal dose of digitalis the test animal 
ma\ require lo 25 than a noimal animal would to cause death showing that 
the action of digitalis sometimes peisisi« e\en aftei such a long intei \nl 
during which thcie has been no ding adniinisleicd 

Wium 01 ITRSISTIXG YCTION 

It will suggest ifself a{ once tliat ibis di/lci cnee between the amount 
lequued to kill the noimal, and tliat icquiied to kill the test animal 
after such a long mtenal of time is to be atlnbuted to in-pm winch the 
heart has sustained fiom the initial action of flic digitalis intliei than to 
an) digitalis still opemiwg on the heait 

Against such an aigumcnt is the fact that the cats heait mai be 
poisoned to an equal degiee with ouabain and aftei an intenal of twenh- 
foui to foil) -eight bonis following a noail) fatal dose the annual belmes 
like a neai!) noimal one, leqmimg almost as laige a do=e to cause death 
as a noimal animal of the same weight would icquiie 

The labbit ma) be gnen a ion neaih fatal dose of digitalis 01 digi- 
to\in (tlie action of which i= extiemel) peisistent m the cat) but aftei 
two 01 three hours, the heait has so fai iceoieied it= noimal condition 
that it will lequne a full fatal dose to cause death 

One might suppose tins lapid elimination ot digitoMn and digitalis 
b) the labbit to be due to habituation but it follows the first dose 

It is difficult to account foi the gioat difieiences m the pcisi sience of 
action of the several digitalms m the same animal, oi in that of the same 
digitahn in diffeient animals, except on the h)pothesis that the digitalm 5 
are eliminated at ierj diffeient rates 

I have determined the fatal dose and the jieisistence of action of a 
numbei of the digitalms foi the cat m the mannei descnbed, and hate 
attempted to cairy out smnlai expenments on othei animals, including 
the dog, labbit and guinea-pig, w ith some of the moie impoitant membeis 
of the digitalis gioup, but this was not feasible and a diffeient procecluie 
had to be adopted with the labbit, while the attempt to use the guinea -pig 
foi tlie e\pei imeuts was abandoned 
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The white rat shows neivons symptoms following the injection of 
large closes of digitoxm, and these symptoms appear to overshadow the 
caichac action The phenomena have not been investigated by ns, hut it 
was obseived that slight stimuli, such as are induced by a sudden noise, 
01 touching the cage, w'eie followed by violent stiychnm-like reflexes, and 
clonic convulsions which giadually subsided Later the convulsions were 
absent, but a slight stimulus gave use to violent trembling These simp- 
tom 5 aie piesent m a mild degiee in the labbit after large doses of 
digiioxm 

The action of digitoxm is moie peisistent than that of other principles 
of this group, and since its action persists foi only a few days m the dog 
it seemed to be hardly voith while to test the moie lapidly eliminated 
digitalms on that animal 

I believe that the cat behaves moie like man torvaid the digitalms 
than does any other animal which is available foi these experiments, 
hence the cat has been used m much the laigei numbei of my experiments 
The lesults obtained m these experiments on eats and dogs are given 
m Tables 1 to 7, the expenments on rabbits wall be considered latei 
In these tables the initial dose, the dose requned to cause the death of 
the animal after the interval of time following the initial dose, and the 
peisistence of action aie all expressed m percentages of the aveiage fatal 
dose foi the noimal animal 

As previously stated, the figuie which expi esses the persistence of 
action i< gotten by subtracting the figuie representing the dose leqmred 
after the mteival following the initial dose, from 1 00 per cent Thus the 
fust auimal of the first senes of Table 1 required 83 per cent of the 
aieiage fatal dose for a nonnal animal to cause death after an mteival 
of one day aftei the mitral dose , hence the persistence of action m that 
case was equal to 17 pei cent of the aveiage fatal do^e for a noimal 
animal of that size 

Ihe aiiangement used m the tables is intended to facilitate the study 
°f the results obtained, foi it would be neeessaiy for the readei to con- 
^dci such doses as 0 1 mg, 575 mg and 70 mg, if actual doses were 
wen expressed m mg per kg of weight 

Hie fatal mtiaxenous dose of each of the digitalms used foi each of 
ie speues of animals employed m this leseaich may be found in Table 
These doses aie expiessed m mg of the drugs pei kg of body weight 
0 1 ie annual, and fiom these doses may be calculated the dose used m 
am expei nuent should anyone care to do so 

^ Ouabain was used m freshly prepaied solution m the final test of the 
m mace of action as pieuoush stated, m most of the expei mien and 
' U0 ^ ^' as 310t llse d the fact is stated m a footnote 



ARCHIVES OF INTERNAL MEDICINE 


Tuiri 1 — PrnsiSTrjscr: or Digitaiis Action rv Cats 


E\peri 

Initial 

Dose 

Persistence 

Inten al 

ment 

Dose 

Requned 

of Action 

m 


Per Cent 

After 

Per Cent 

Davs 


of Fatal 

Inten al 

of Fatal 



simrs 1 




1-B 

50 

83 

17 

1 

2 B 

50 

50 

44 

2 

3-B 

50 

50 

50 

3 

1 B 

50 

54 

4G 

4 

5 B 

30 

110 

— 10 

7 

0 B 

50 

75 

23 

7 

7-B 

1G 5X2 

SI 

10 

4 

S B 

1G 5X2 

77 

23 

9 

9 B 

1G 5X2 

70 

21 

21 

10 B 

40 

02 

S 

20 


M Rif S 2 




30 

9G 

115 

—13 

28 

40 

10S 

74 

2G 

29 

43 

100 

32 

GS 

11 

44 

100 

12 

3S 

11 

40 

100 

52 

4S 

10 

50 

100 

77 

23 

9 


SFRirs 3 




4 

43 

G2 

IS 

33 

5 

45 

43 

55 

34 

0 

40 

117 

—17 

33 

7 

10 

70 

24 

33 

’5 

45 

G4* 

3G 

1 

1C 

45 

76* 

24 

9 

33 

GO 

122 

22 

14 

3G 

84 

73 

27 

12 

37 

GO 

S4 

1G 

28 

3S 

GO 

SS 

12 

28 


SERIES 4 




1 S 

75 

51 

40 

30 

2-S 

75 

77 

23 

30 

3 S 

75 

SI 

10 

21 

4 S 

75 

GS 

32 

21 

5 S 

75 

G7 

3.3 

10 

G S 

75 

01 

O 

5 

7 S 

75 

67 

33 

5 

8 S 

75 

3S 

G2 ’ 

5 


’‘Digitalis used foi final test 

' DISCUSSION OF TABLE I 

The scheme of tabulation used here was not intended at the time the 
experiments were made, hence the numbers assigned to the experiments 
are not m sequence Some of the animals died during the interval fol- 
lowing the initial dose, as m series 2, m which six of the twelve died 
The initial dose in these twelve experiments was intended to be as nearly 
fatal as possible without actually killing the animals 
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The a nim als used m experiments 7-B to 9-B received two initial doses, 
each being 16 5 per cent of the fatal, on two successive days, and m those 
experiments the intervals are reckoned from the dates of the first doses 
Some animals requned moie than 100 per cent of the average fatal 
dose after the specified intei val of time, such animals being tolerant, 
while in some other cases the amount required to cause death is quite as 
far below the amount which we would expect as those just cited are above 
it Such individual differences are always seen m biological testings, but 
Experiments 4 and 5 of the thud senes require individual consideration 
In both of these cases the animals were eithei very susceptible, or there 
was some erior m technic 

Aside fiom the examples just mentioned there are gieat irregularities 
to be observed m the doses required to cause death after the intervals of 
time following the initial doses, and this is to be expected m view of the 
fact that there are two intei acting causes of these lnegulanties 

Since these figures will receive the closest scrutiny and possibly the 
severest criticism, it will be worth while to discuss them here briefly 
In Expenment 1-S of the fourth senes the animal required only 51 
per cent of the aveiage fatal dose aftei an interval of thirty days fol- 
lowing an initial dose reckoned at 75 per cent of the fatal, and in 6-S 
of the same series 91 pei cent of the aveiage fatal dose was required to 
cause death aftei an interval of only five dajs following an initial dose 
of the same amount as that leceived by the animal previously mentioned 
Such disciepancies appear at first glance to render the results almost 
useless, but a simple calculation wall suffice to show that a comparatively 
flight difference m susceptibility on the part of one animal, and of 
toleiance on the part of the other, will explain even these great variations 
fiom the aveiage 

If we suppose that the fiist of these two animals was susceptible to 
such a degree that it would require 20 per cent less than the average fatal 
t ose to cause death (and it could not have been much more susceptible, 
)ecause it survived 75 per cent of the average fatal), we shall have the 

0 °v mg equation for this experiment 

1 ^ ose > ^ m g per kg initial dose (75— S0=) 94 per cent of the fatal, 
-e leqmred aftei interval (51—80=) 64 per cent of fatal, leaving persistence 

0f actl0n c qual to 36 per cent of fatal 

This would not be far fiom what we might expect m case the elimma- 
on was slower than normal in this animal In the same way we may 
exp am the unusually slight degree of persistence of action m the case of 

d't° 1Gl amrna ^ ^ vre suppose that this animal was tolerant to such a 
o^ioe that it would require 20 per cent more than the average fatal dose 
cause death we would then have the following equation 
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1'alal dose, 120 mg per Kg of body weight, initial dose (75 — 120=) 02 5 
pei cent of fatal, ciose lequncd aftei nilcival (91 — 120=) 70 per cent of fatal, 
leaving peisisfence of action equal to 24 per cent of fatal 

r Ihis yould be far neaier the amount -nlncli mc should expect than 
that sIiom n m the table 

It Mas found after completion of the experiments that intervals of 
three Mcehs and more ueie too long except uhen they followed the veiy 
laigest initial doses, because they piolong the aveiage of the duration of 
action undul} uhen the} follou doses smaller than those which the animal 
just sunnes 



Diagi.un 1 — Showing pei'nslence of action of digitalis Uppei line based on 
experiments m Series 2 of lahle 1, middle line based on six experiments in Senes 
4, Table 1, low ei line based on all expenments in Senes 2, and all others in 
Table 1, except those m which internal is foui weeks oi more 

Kefeience to the seveial tables Mill show that the cat, dog and labbit, 
manifest the persistence of action of digitoxm m the oidei of their sus- 
ceptibility, as illustrated m Diagram 6, and I have gained the impres- 
sion that individuals of the same species exhibit a similar relationship 
between these factors, the more tolerant mdmduals seeming to show less 
persistence of action aftei similar mfeivals than the more susceptible 
after doses which aie relatively equal so far as one can judge bj objective 
symptoms (See discussion of Table 6 ) 




ROBERT A HATCHER 


279 


The aveiages of the results of the experiments given m several of the 
tables are shown diagrammatical!} 7 In these diagrams the unbroken lines 
indicate the decline of the action between the initial doses and the time 
of the final tests, and they are then continued as broken lines While it 
is very probable that the elimination should be represented moie accu- 
rately by curves, I have no data foi the construction of such cuives 
Eight of the ten experiments m the first series of Table 1 give the 
following aveiages The initial dose was 45 per cent of the fatal, the 
intemi was about four days, and the persistence of action was equal to 
about 27 pei cent of the fatal The entire series gives an interval of 
nine days, with persistence of action equal to 25 per cent of the fatal, 
indicating a persistence of action fai beyond that which we should 
expect with such doses 


Table 2 — Persistence op Digitoxin Action in Cats 



Initial 

Dose 

Persistence 


Experi- 

Dose 

Requn ed 

of Action 

Interval 

ment 

Per Cent 

Alter 

Per Cent 

in 


of Fatal* 

Interval 

of Fatal 

Days 


SERIES 

1 



2 

50 

45 

55 

5 

3 

50 

4S 

52 

5 

4 

50 

71 

29 

10 

5 

50 

75 

25 

10 

20 

GG 

33 

67 

G 

21 

50 

76 

24 

15 

22 

50 

90 

10 

14 

23 

33 

88 

12 

14 

24 

33 

78 

22 

14 

25 

33 

70 

39 

14 


SERIES 2 



1-D 

60 

GG 

34 

1 

2 D 

100 

37 

63 

2 

3 D 

GO 

71 

29 

8 

4 D 

GO 

40 

GO 

7 

5 D 

SO 

26 

74 

4 


in<T \ s P ecimen of digitoxin used in the first series was 0 3 

n~ J,„ r , “Oaj w< ught, that of the specimen used m the second senes was 
u J mg per kg 1 


Ihe initial dose m the second series of experiments is leckoned at 100 
pei cent of the average fatal, but, as previously stated, six of the twelve 
animals intended foi this series died, and those which suivived weie 
" tolerant, hence the peisistenee shown is less than we should 
expect with such doses After deducting the 15 per cent excess of the 
miial fatal dose, taken by animal No 1, we have an aveiage of 36 per 
cud of the fatal dose peisistmg aftei an aveiage interval of sixteen 
(Line 1 of Diagram 1 ) 
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There me onty foui experiments in the third senes which should be 
included m the lesults because the intervals m the otheis were too long 
Tor the same icason only si\ of the evpenmenis m the fourth senes 
should be included in the calculations These six give an average per- 
sistence of action equal to 31 per cent of the fatal do=e aftei an average 
internal of eleven days (Line 2, Diagram 1 ) 

Taking all of the experiments m Series 2, and all of the lemaming 
m the table m which the internal is less than four weeks, we have a total 
of twenty -the expenments with an average peisntence of action equal to 
23 pci cent of the fatal with an liitcriul of eleven dajs following an 
axeiage initial dose equal to G7 pci cent of the fatal, (line 3, Diagram 
1) The nearl) paiallel lines of this diagram affoid stiong evidence that 
the lesults aie appioximately conect 
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Dmgiam 2 — Showing persistence of action of digitovm Upper line based on 
all the expei unents in 'table 2, lowei line based on five expenments with nearly 
equal dosage and intenals befoie the fin il test 


It is not necessaiy to call attention to eveij expenment m which the 
lesults are not in stuct agreement with the general average but it will 
be seen at once that four of the animals — 2 , 3, 20 and 25 of the fist series 
m Table 2 — were distinctly susceptible, since they requned less in the 
initial and final doses combined than the average fatal dose These four 
experiments prolong the aveiage persistence of the series unduty, but, on 
the other hand, the fiist and second animals m Senes 2, w r eie just as cer- 
tainly tolerant, hence the aieiage peisistence of this senes would be 
shorter than it should be, and it is believed that the line (1) m Diagram 
2 representing the entire number of expenments, sixteen, is very nearly 
a coirect representation of the persistence of action of digitoxm m the 
cat 
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1,1 1 ib!e o, mulcll l0 ]''' 1,1 " ^ 1C P ersls ^- eDce of action of digitalcm Upper line based on all experiments 
J1 with n->nr]\ e IU °i ^ SGd on experiments m Series 2 of Table 3, loner line based on four exper- 
* equal doses and a uniform internal of time before final test 
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Lme 2 in the diagiam, ^presenting the five animals Tilth nearly um- 
foim initial dosage and piactically uniform mteivals of fourteen dajs 
(one fifteen days), is neaily paiallel with line 1 None of the fifteen 
animals failed to show the persistence of action 


Table 3 — Plrsistlnce or Dioitaiein Action in Cats 


experi- 

ment 

Initial 

Dose 

Per Cent 
of Fatal 

SLRirs 1 

Dose 
Required 
After 
Intel val 

Persistence 
of Action 
Per Cent 
of Fatal 

Interval 

m 

Days 

20 

GO 

102 

— 2 

1 

27 

30 

7G 

24 

1 

28 

50 

84 

1G 

1 

29 

45 

90 

4 

2 

30 

45 

90 

10 

4 

31 

GO 

71 

29 

1 

32 

GO 

S3 

17 

4 

32a 

GO 

G7 

33 

2 

32b 

GO 

SG 

14 

2 

32c 

GO 

8G 

14 

4 

32d 

GO 

G9 

31 

4 

32e 

GO 

110 

—10 

14 

32f 

GO 

SERII S 2 

SG 

14 

14 

32g 

45X3* 

37 

G3 

3 

32h 

45X3* 

29 

71 

3 

32i 

45X3* 

5G 

44 

3 


*Three initial doses of 45 pel cent of the fatal were given on three successive 
days in these tlnee expenments, the final test being made on the fourth day 


Table 4 — Persistence or Action or Digitalin (True) in Cats 



Initial 

Dose 

Persistence 

Tn ter val 

Experi- 

Dose 

Required 

of Action 

in. 

ment 

Per Cent 

Aftei 

Per Cent 

■Hnvq 


of Fatal 

Intu l al 

of Fatal 


17 

50X2 

65 

45 

2 

IS 

50X2 

131 

—31 

2 

20 

GG 

88 

12 

2 

21 

GO 

S2 

IS 

2 

22 

50X 2+33 

05 

35 

3 

23 

33X3 

74 

2G 

3 


The persistence of digitalem action is shown to be buef m the experi- 
ments tabulated here, lienee those experiments m which the interval was 
fourteen daj's should not be included m the calculation, it will be 
observed, however, that the sum of the combined doses required by these 
two animals divided by two gives 98 per cent of the aveiage fatal, as we 
should expect after the action of the initial dose had ceased 
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Diagram 3 shows a close parallelism between the tlnee lines, (1) 
based on the averages of all of the experiments m both series, (2) that 
based on the three experiments m the second senes, and (3) that based 
on the four experiments m which nearly equal doses were given, and a 
nmfomi period of four days was allowed to elapse before the final tests 
veie made 



Diagram 6 — Showing persistence of action of digitoxm, oil the cat (upper 
me), dog (middle line), and rabbit (nearly perpendicular line) 

The diagrams representing the results obtamed with German digita- 
di true digitalm and digitalem are placed together for convenience of 

comparison 
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Two initial doses of 50 per cent of the fatal weie given on successive 
days in Experiments 17 and 18, and three initial doses were given on 
successive days m Expenments 22 and 23, and m all four experiments the 
final test was made on the day following the last initial dose 

In Experiments 20 and 21 a single initial dose was given and the 
final test was made after an mteival of two days 

The averages of the six expenments m Table 4 are as follows 
Initial dose 94 per cent of the fatal, dose lequired after an aveiage 
interval of two and one thn d days, equal to S2 per cent of fatal, leaving 
a persistence of action equal to 18 per cent of the average fatal 
The aveiages are lepiesented m Diagiam 4 

Table 5 — Persisience or Action Cfivst yet im- Ouabyin and STRoriiANTiius 

in Cat 



Initial 

Dose 

Persistence 

7 

Experi- 

Do=e 

Required 

of Action 

Interval 

"1T\ 

ment 

Per Cent 

After 

Per Cent 

ill 


of Fatal 

Intervnl 

of Fatal 

Days 


CRYSTALLINE 

OUABAIN 



1 

75 

S5 

15 

1 

2 

75 

59 

41 

1 

3 

75 

93 

7 

1 

4 

75 

54 

40 

1 

5 

80 

90 

10 

1 


S1ROPII ANT11L S 



1 

70 

09 

81 

1 

2 

55 

42 

58 

a 

3 

GO 

50 

44 

1 

4 

no 

S3 

17 

1 

5 

75 

92 

S 

1 

6 

75 

307 

— 7 

1 

7 

75 

SO 

20 

1 

8 

75 

70 

30 

1 


Eraenkel 4 found that digitalm possessed veiy little of the so-called 
cumulative action, and this agrees very well with my own results, which 
are shown in a striking way m the diagiam 

Ouabain, strophanthm (which is methj 1-ouabam) and strophanthus 
are generally supposed to exhibit the cumulative action to a slight degree 
only, or not at all 

All but one of the animals m the thn teen experiments recorded m 
Table 5 show some persistence of action after an interval of one day 
One of the animals (Fo 2 of the second series) was evidently unusually 
susceptible, and one (Fo 6 of this series) is just as obviously tolerant, 
but the averages afioided by the experiments show that these drugs 
belong in the class with true digitalm, so far as the persistence of action 
is concerned 
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Table 6 — Persistence of Action of Various Digfialixs in Cats 


Expei i- 
ment 


Initial 
of Fatal 
Per Cent 
Dose 


Dose Persistence 
Intel val of Fatal 
Aftei Per Cent 
Required of Action 


Intel lal 
m 

Dajs 


CONVALLABIA 


40 

60 

00 

1 

3 

41 

75 

72 

2S 

i 

42 

75 

92 

S 

i 

43 

70 

57 

43 

i 

44 

75 

94 

6 

i 


APOCYNUH 


14 

75 

04 

6 

1 

15 

75 

60 

40 

1 

1C 

75 

95 

6 

4 

17 

50 

S6 

14 

1 

IS 

40 

OS 

2 

1 

10 

50X2 

75 

25 

3 


GERMAN DIGITAI IX 


16 

50 

37 

63 

3 

17 

50 

100 

0 

3 

18 

50 

47 

53 

1 

19 

50 

86 

14 

2 

20 

50 

114 

—14 

A 

O 

22 

50 

66 

34 

9 


SQTJII L 


13 

70 

80 

20 

1 

14 

50X3 

54 

46 

3 

15 

50X3 

30 

70 

O 

J 

16 

50X3 

42 

58 

3 

17 

80 

57 

43 

2 

18 

80 

71 

20 

2 


BLACK HELLEBORE 


11 

50 

94 

6 

1 

12 

50X2 J 




13 

50X3 




14 

50X3 

29 

71 

3 

15 

SO 

47 

53 

2 

16 

so - 

51 

49 

2 

17 

80 

40 

54 

2 


IIELLEBOREIX 




7 

50 

65 

35 

1 

8 

50X3"' 




9 

50X3 1 




10 

80 

36 

64 

2 


"Fatal 
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Initial . 

Dose 

Pei sistence 


Lxpei i 

of Fatal 

Intel val 

of Fatal 

Intel val 

menl 

l’ci Cent 

Aftei 

Pei Cent 

m 


Dose 

Reqnned 

of Action 

Days 


COM VIIAMA7UV 



8 

44 

04 

30 

1 

0 

70 

OS 

32 

2 

10 

70 

74 

20 

2 

11 

45 + 10 

73 

27 

2 

12 

45+o0+50 

30 

01 

3 

1° 

SO 

S9 

11 

2 

14 

SO 

73 

27 

2 


sunnoxix 



7 

70 

70 

30 

3 

8 

SO 

GO 

40 

3 

<1 

/ O+oO+oO 

00 

40 

7 

10 

70+30+50 

35 

05 

7 

11 

oO+oO+oOf 




12 

50+o0 + 30 

22 

7S 

3 


TLOXXMUS 



7 

50 

102 

2 

1 

S 

50 

87 

13 

1 

') 

50X2 

54 

40 

2 

10 

50X2 

44 

50 

2 


UlOXIDIX 



8 

5S+5S, 




9 

5S+5S+5S 

42 

5S 

3 

10 

S0+G0 

27 

73 

4 


7 Sudden]} futil 

r i he e\peinnents furnish the following aveiages 
Cnstallme ouabam, initial close, 76 pei cent of fatal, peisistence of 
action aftei an mtenal of one da} equal to 21 pei cent of the fatal 
c tiophanthus initial dose, 68 pei cent of fatal, peisistence of action 
aftei an mteival of one da} equal to 23 pei cent of the fatal 

In seieial of the experiments m Table 6 the animals leceived moic 
than one initial dose, m such cases these vere given on successive dais 
except m the case of scillitoxm, m which the initial doses veie given at 
mtenals of two da}s In all cases the mteival befoie the final test i= 
leckonecl fiom the date of the fiist initial dose 

German digitalm is said to consist of digitonm to a veiy laige extent 
and the action of digitonm on the heait is not quite like that of tiue 
digitalm, so that it is not surpusmg that the lesults obtained with this 
preparation aie not veiy satisfactory The similanty of action to that of 
digital em is to be noted 

Digitalis also contains digitonm, but the amount piesent m the leaf 
is said to be small, and it should be lemembeied that the caidiac action 
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of digitomn is not obtained aftei the oial admmistiation of digitalis 01 
the other digitalms The final test was made with the same diug which 
was need foi the initial dose m every expenment lecoided m Table 6 
but we had found that all of these digitalis bodies aie sjmeigists of 
ouabain 

The digitoxm was admmisteied intramuscular lj m Expenments 1 to 
9 inclusive, and mtiavenonsly m the others 

Table 7 — Persistence of Digitoxin Action in Dogs 


Experi- 

ment 

Initial 

Dose 

Pei Cent 
of Fatal 

Dose 
Requned 
Aftei 
Intel val 

Peisistence 
of Action 
Pei Cent 
of Fatal 

Intel val 
in 

Days 

1 

95 

60 

40 

o 

O 

2 

(10 

100 

00 

11 

4 

95 

100 

00 

2 

5 

SO 

75 

25 

9 

7 

95 

100 

00 

5 

9 

95 

100 

00 

9 

10 

95 

77 

23 

1 

11 

1 95 

67 

33 

1 

12 

80 

100 

00 

3 

13 

95 

100 

00 

3 


Table 8 — Digitalis in Repeated Doses to Rabbits Intrwenousiy 


(Doses in linlhgiams pei kilogiam of bodywveight) 


■I) vis- 


Expei 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Total 

1 

50 

67 


100 

100 


200 


200 


300 

1,017 

2 

100 


100 

100 


200 


200 


200 

250 

1,150 

o 

} 

165 


200 


200 


200 

250 

200 



1,215 

4 

160 


200 




250 

250 

200 

350 

300 

1,710 

5 

170 


200 


200 


200 

250 

250 

500 

300 

2 070 

G 

200 

200 










400 

7 

200 

200 










400 

8 

200 





250 

250 





700 

9 

200 



200 


200 

250' 





850 

10 

200 





200 

250" 





650 

11 

400, 











400 


'Fatal t Two closes at intervals of tlnee horns, fatal 


It is evident that dogs do not usually show peisistence of digitoxm 
action foi long penods, and of the eight experiments m which the duia- 
tion of the mteival was moie than a day, only tw r o, (1 and 5,) show any 
peisistence of action That the action did actually peisist m these two 
cases is lendeied moie probable by the fact that the fhst of these animals, 
which shows persistence of action amounting to 40 per cent of the fatal 
after tlnee days, was greatly depressed foi tv r o days following the fiist 
do^e, and the othei animal winch shows peisistence of action equal to 25 
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pci cent of the fatal, had lost 1 o kg of bod} -'weight dunng the mtenal 
The v eight at the time of the fust injection was 12 5 kg, and at the 
time of the final test the 'weight -was 11 kg 

Hcio again the attention is ancsted b} the fjue=tion wliethei mdiMcl- 
ual difieiences m toleianee and susceptibility stand m am soit of i ela- 
tion to diftciences m the individual capacit} foi elimination as suggested 
in the discussion of Table 1 

In the f oui 111 and fifth expeiimcnts the animals lecened two do=es 
each on the tenth daj Two lumdied and fifty mg of digitalis pei kg 
of bod} -weight appear to be the aveiage fatal liihaienous dose foi the 
labbit but two labbits sunned doses of 300 mg pei kg each, and one of 
these Ho 5, had had two do=es of 250 mg pei kg each on the pienous 
da} 


JaritO — Entci ox Diono\i\ i\ Rii’iAni) Dosis to Ttvimiis m. Vi i\ 
(Doses me gnen in milhgnnis per kilogmin of weight) 

1> VT S 


Evpci 

1 

o 

1 

4 5 

0 

7 

8 

'total 

1 

0 75 


0 5 

0 75 




20 

O 

05 

0 5 

0 5 

0 5 

05 

0 75 


3 25 

3 

0 5 


0 5 

05 

05 

0 75 


“2 75 

4 

0 75 


1 5 

1 5 




*3 75 

5 

05 


0 75 

0 75 

0 75 

0 75 


35 

0 

0 75 

0 75 

0 75 

0 75 

075 



3 75 

7 

0 r > 

0 75 

0 75 

0 75 

0 75 

0 75 

0 75 

,70 

* Fatal i 

i 1 0 niilliginiii on 

tenth <ln\ anti 1 0 

mg 

on twelfth dat 



The cle\en labbits weighed 18 41 kg the} lecened a total of 10 000 
mg of digitalis dunng a total of seient} dajs of e\penmentation oi an 
average of less than a week foi each animal, but eien this stupendous 
amount does not lcpiesent the limits of dosage foi this animal, but its 
capacit} for eliminating the digitalms was not suspected at the time the 
experiments w r eie conducted 

In this connection it must be lemembeied that the amounts adminis- 
tered to these labbits correspond to ven much laigei amounts adminis- 
tered b} the stomach, or subcutaneously 

The foui th animal of tins senes died of lespnatoi} failuie The 
seven rabbits received an aveiage total of mo le than 3 3 mg of chgitovm 
per kg during the entire period 

Impiessive as the figures foi tins and the piecedmg table aie, the} 
lose much of their significance m view of the results recorded m Table 
10, in which it is shown that the rabbit eliminates digitoxm with sur- 
prising rapidity 
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The following is the piotocol of an experiment which shows that the 
labbit exhibits no persistence of action of digitoxm after an interval of 
a few hours following the mtiavenous administration of a nearly fatal 
dose. 

May 29, 1912 Rabbit, weight, 1 7 kg 

8 41 a m 10 mg digitoxm per kg by vein, some depression 

9 41a m Animal sitting up 

12 56 p m 10 mg digitoxm per kg as before 

1 10 p m Effects about the same as after previous dose 

1 56 p m Appears to be nearly normal 

2 56 p m Ouabam, slow and continuous injection by vem 

3 34 p m Deatli after injection of 0 19 mg ouabam per kg, oi the full fatal 
dose of ouabain 

Table 10 — Persistence oe Action oe Digitoxin in the Rabbit 

(Doses m mg per kg of body-weight) 

Initial Dose Dose Requiied Interval m Persistence 

of Digitoxm After Interval Hours of Action 

4 0 (subcut ) 0 206 ouabain 26 00 

0 75 (vem) 0 245 ouabam 4 5 00 

0 75 (vein) 0 212 ouabam 4 5 00 

2 0 ( vein ) 0 19 ouabam * 00 

* See proctocol 

I believe that hitherto no one has suspected that the labbit is capa- 
ble of eliminating digitalis and digitoxm with the extraordinary rapidity 
indicated in Tables 8, 9 and 10, and as shown m the protocol of the 
experiment Certainly no one has ever before recorded the admmistia- 
tion of digitoxm m such amounts and at such short intervals during 
studies of this nature, for it must be remembered that the subcutaneous 
and oral administration are m no way comparable to the intravenous 
injection of this principle, because of the slow and uncertain absorption 
from the gastro-mtestmal tract and from the subcutaneous tissues of the 
rabbit (See Experiment 1, Table 10 ) 

It is hardly necessary, therefore, to call attention to the fact tliat 
previous studies of cumulation, so-called, based on the oral or subcuta- 
neous administration of the digitalms to rabbits lose much of their value 
because it is obvious that absorption is a more important factor m the 
results so obtained than is the persistence of action which follows the 
absorption into the blood-stream of the drugs so administered. 

It will be understood that the doses given m Table 11 apply only to 
the specimens of the drugs used by us m these experiments, but crystal- 
line ouabam appears to be of constant composition and activity. 

The fluid extracts used were obtained from a reputable firm, but it 

is probable that they do not represent the full activity of the drugs from 

which they were prepared The tincture of digitalis used was prepared in 

this laboratory, care being taken to insure the complete exhaustion of the 
drug 
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Table 11 —Fatal Doses of Digitalins by Vein in Milligrams per Kilo 

gram of Body-Weigiit 


CAT 


Ouabam (crjstallme stropliantlim, so called) 

01 

Digitoxm (specimen used m Series 1, Table 2) 

03 

Digitoxm (specimen used in Series 2, Table 2) 

05 

Scillitoxm 

04 

Digitalm (true) 

15 

Helleborein 

17 

Com allamann 

17 

Digitalem 

35 

Digitalm, German 

36 

Adomdin 

4 35 

Com allaria (fluid extract used) 

50 0 

Apocynum (fluid extiact used) 

70 0 

Digitalis (tincture prepared by ouiselies) 

100 00 

Black hellebore (fluid extract) 

100 00 

Euonymus (fluid extract) 

475 0 

Squill (fluid extract used) 

575 0 

BOG 

Ouabam 

0 125 to 0 175 

Digitoxm (specimen used in Series 1, Table 2) 

05 

Digitalis 

125 0 

R \BBIT r 

Ouabam 

02 

Digitoxm (specimen used in Series 1, Table 2) 

0 75 to 10 

Digitoxm (specimen used in Series 2, Table 2) 

1 0 to 15 

Digitalis 

200 0 to 250 0 


* The doses gi\en are for rabbits weighing about 1,800 gm or less, fully grown 
rabbits appear to be slightly more susceptible than this to the digitalras 


Reference to tlie table suggests some cunous relationships between 
several of tlie digitalms, for example, digitoxm and scillitoxm are about 
equal m activity and their persistence of action is not widely different, 
true digitalm, lielleborem and convallamann are almost exactly alike m 
activity, and none of these three shows a markedly persistent action 
German digitalm and digitalem are about equal m activity, and we know 
that both of these partake of the nature of true digitalm on the one 
hand, and of digitonm on the othei 10 

Too much stress should not be placed on similarities m activity of the 
digitalms, however, since none of these bodies except ouabain is found m 
commerce m a puie form Ouabam appears to have only traces of impur- 
ities present 


ANALYSIS OF CERTAIN RESULTS OF FRAENKEL’S 

Reference has been made to the fact that Fraenkel s conclusions based 
on results obtained when using digitalms on the cat are irreconcilable 
with mine It is necessary, therefore to discuss some of Ins experiments 


10 Schmiedeberg Arch f exper Path u Pharm , 18T5, in 16 
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which, mterpieted conectly, actually confiim my own results m all essen- 
tials, I believe 

Fraenkel 4 fixed the fatal dose of Merck’s crystalline digitoxm for the 
cat by subcutaneous injection at 0 08 mg per kg of body-weight and then 
he administered specified fractional parts of this dose daily, observing 
the onset and severity of the gastro-mtestmal symptoms, the effects on 
the heait and pulse-iate and the number of such doses that the animal 
woald suivive, compaimg the effects of digitoxm with those of the other 
chgitalins in common use, including digitalm and strophantlnn 

Table 12 — Effect of Digitoxin on Cats 


(Taken fiom aiticle by FiaenkeF) 


Experi- 

ment 

Digitoxm After 
Given How 

Per Kg Many 
Days 
Slowing 

After How 
Many 
Doses 
Vomit- 
’ mg? 

After How 
Many 
Doses 
Sick’ 

Remaiks 

40 

22 x 0 02 

5 

Hot seen 

Not seen 

Remained sound 

9 

9x0 03 

2 

3 

9 

Stopped, Animal veiy 
sick 

20 

2x0 04 

2 

Not seen 

Not seen 

Remained sound 

44 

16 x 0 04 

4 

6 

6 

Death after 16 doses 

11 

5x0 041 

3 

5 

5 

Stopped after 5 doses, 
very sick 

8 

7x0 05 

3-4 

3-4 

4 

Death after 7 doses 

10 

7x0087 

1 

2 

3 

Death after 7 doses 


It will be seen by lefeience to Table 12, which is taken from Eraen- 
kel’s article, that seveial of Ins cats survived a total of much more than 
the amount which Eraenkel gives as the single fatal dose, thus, one of 
Ins animals is stated to have received sixteen daily doses, each of which 
was 50 pei cent of the fatal, or a total amount equal to eight times the 
single fatal dose within a period of fifteen days , another survived three 
times the fatal single dose, administered m five days , while two requued 
to cause death amounts equal to four and seven, times the fatal dose, 
lespectively, within a period of a week 

If these conclusions were correct it would show that the action of 
digitoxm is not very persistent when used m that way, but while Eraenkel 
does not state specifically the number of expenments which he made to 
deteimme the toxicity of digitoxm for the cat, he gives the protocol of 
only one experiment and m that the animal died on the tenth day after 
the injection 

Ho less than five obseivers woikmg independently m this laboratory 
fit diffeient times have been unable to confirm Eraenkel’s determination 
of the fatal dose of digitoxm for the cat 

Bailey, Brody, Eggleston, Mr M I Smith (one of my students), 
ar >d I have found that the fatal dose of different samples of Merck’s 
ciystallme digitoxm is much laiger than that given by Eraenkel 
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Bailey found that doses of 0 1 mg, and 0 2 mg, per kg of body- 
weiglit injected subcutaneously, pioduced veiy little effect on the pulse- 
rate of the cat, and, m fact, little or no perceptible effect of any soit 
was produced by these doses administered to two animals 

Hatcher and Brody, 0 Eggleston, and later I, while repeating the work, 
have found that the fatal intravenous dose of several different samples 
of Merck’s crystalline digitoxm for the cat is approximately 0 3 mg to 
0 35 mg per kg of body-weight, and I have found the fatal dose for the 
cat by subcutaneous injection to be somewhat larger than that by vein, as 
one might expect I lia\e quite recently found a specimen of Merck’s 
digitoxm obtained fiom another firm, and not bearing Merck’s label, to 
have only about GO per cent of the activity of the specimens previously 
examined (This is the weakei specimen mentioned m Table 11 ) 

If we accept 0 4 mg of digitoxm per kg of body-weight as the average 
fatal dose for the cat by subcutaneous injection, it will be seen that 
Eiaenkel’s results, so far from being irreconcilable with my own, affoid 
stiong corroborative evidence of the peisistence of action m the cat 
If the fatal dose of digitoxm used by Eiaenkel was really 0 4 mg 
per kg when administered subcutaneously 7 , his animals received only a 
little more than the single fatal dose nitlnn a period of a week, and 
instead of receiving totals of tluee, four, seven and eight, times the single 
fatal dose, respectively, they received totals of three-fifths (this animal 
survived), one, one and a half, and one and thiee-fifths times the single 
fatal dose, from which the last three died 

One might aigue that the specimen of Merck’s crystalline digitoxm 
used by Eraenkel was far more active than the specimens used m this 
laboratory, and I am well aware that it is commonly stated that the activ- 
ity of different specimens of all of the digitalis punciples varies widely, 
but while the activity of a given punciple made by different manufac- 
turer may show great variations, and the product made at different 
times by the same manufacturer may 7 vaiy somewhat, the results obtained 
by numerous observer indicate no veiy great variation in the activity of 
Merck’s crystalline digitoxm 

Among those who have determined the activity 7 of digitoxm and whose 
results are m fair agreement with those obtained m this laboratory 
(allowance being made for diffeiences due to different methods of test- 
ing), are Lyons and Famulener, 11 Woith Hale 12 and Koppe 13 On the 
other hand, I know of no one whose results confirm those of Fiaenkel 

11 Lyons and Famulener Proc Am Pharm Assn , 1902, 1, 424 

12 Hale, Worth Bull 74, 1911, H jg Lab, U S Public Health and Marine 
Hospital Service 

13 Koppe Arch f exper Path u Phurmakol , 1875, m, 274 
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If the digitoxm used by Fraenkel behaved in the way indicated by 
him it means that the specimen of Merck’s digitoxm employed by him 
is far more active than any which has been used m experimentation m 
this country, and furthermore, that its behavior is much more like that 
of ouabain, so far as persistence of action is concerned, than like that of 
digitalis 

Ho othei workei either m Euiope or America has ever reported such 
activity for digitoxm on mammals as Fraenkel has reported m this senes 
of experiments, so far as I am aware, and I believe that Fraenkel’s results 
with repeated injections dispiove Ins own statement as to the lethal dose 
of this drug, if by lethal dose we are to understand the amount which 
will kill at least half of the animals m a series through the action on the 
lieai t 

There is little doubt that when an animal is made ill by the injection 
of one of the digitalms it is more apt to succumb to more or less acci- 
dental conditions during a prolonged confinement than is a normal ani- 
mal, and I believe it to be wholly erroneous to attribute all the deaths 
which occur m ten days or moie after the administration of a single dose 
of the digitalms to the cardiac action of the drug 

It might be urged that digitoxm behaves differently after subcutane- 
ous and intravenous injections, I have, therefore, repeated Fraenkel's 
experiments to the extent of injecting repeated doses of less than 50 per 
cent of the fatal dose subcutaneously In these expenments the cats 
received 0 6 mg per kg of body-weight m four clays , 0 75 mg per kg 
m five days, and 0 7 mg per kg m tlnee injections m six days, before 
death lesulted These lesults agiee very well with those reported by 
Fiaenkel so far as the actual amounts administered are concerned I 
am therefoie forced to the conclusion that the so-called fatal dose of digi- 
toxm as determined by Fraenkel, can be fatal only under very exceptional 
conditions, and is of no value whatever m determining the persistence of 
action of digitoxm 

This misconception of the activity of digitoxm appears to have led 
Fiaenkel into another erior He concluded that the interval of time 
which must elapse after a digitalis punciple enters the circulation before 
its action on the heart is induced must be proportional to the chemical 
affinity existing between the drug and the tissue on which it acts, whereas 
the duration of the action must depend on the stability of the combina- 
tion of drug and tissue 

The truth of this conclusion, based on theoretical considerations 
seems self-evident, nevertheless it was based on a wholly erroneous idea, 
in that Fraenkel believed that the action of digitoxm on the heart was 
not exerted for mam houis after its introduction into the blood-stream 
and he states that even sixty hours may elapse after the administration of 
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a toxic dose befoie this cardiac action is induced It is obvious that he 
fell into this error partly because of his erroneous belief that he was 
administering a highly toxic dose, uhen, in reality, he was a dm inistering 
only a small pait of the fatal dose 

It is perfectly true that digitoxm does not exert its full action imme- 
diately aftei the infection of small amounts into the circulation, but death 
may re c ult m about five minutes aftei injection of about twice the 
ordinary fatal dose of digitoxm directly into the veins of the cat 01 dog 
When a veiy large dose of digitoxm is injected directly into the veins the 
action is induced with amazmg swiftness, the heart stopping suddenly 
almost without u arnmg on its part 

The belief uhieh is veil nigh universal, that digitoxm is an extia- 
ordmarily toxic substance, is based mainly on the well-known experiment 
m which Koppe 12 administered to himself by the mouth three doses of 
digitoxm amounting altogether to 3 5 mg m a period of five da) s, 2 mg 
having been taken four days after the second dose of 1 mg 

Since Koppe had previously given a rabbit 4 mg of the digitoxm 
subcutaneously without causing death, there is little doubt that he was 
extraordinarily susceptible, or that Ins illness following the taking of the 
digitoxm uas due to other causes m part 

CONCLUSIONS 

In presenting the lesults of my expenments I would not intimate a 
belief that the last word had been spoken concerning the persistence of 
action of the digitalms or the so-called cumulation of these bodies, but I 
do believe that my results afford a starting point for investigating the 
subject anew 

It is obvious that the rabbit is not suited for these studies and that 
the cat serves the purpose better than the dog The injection of the 
digitalms directly into the circulation affords so much greater accuracy 
of observation than the oral and subcutaneous routes, that the former 
method alone should be used for these investigations 

Changes m the heart-rate of the cat and the rabbit occui so often 
independently of the administration of the digitalms that they afford 
very little information concerning the persistence of action of these drugs 
The several digitalms vary widely m their toxicity for any given 
species of animal, and the different species of animals show enormous 
differences m susceptibility to a given digitalm, but so far as I have been 
able to determine, as the result of a large numbei of experiments, the 
various digitalms maintain their relative positions m order of toxicity, 
Tegardless cf the animal used for the determination provided that the 
diug is introduced directly into the circulation, but the absorption of 
these bodies from the gastro-mtestmal tract is so variable that the effects 
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winch follow the oial administration afford no clue to the activity which 
they will exert when they are injected directly into the circulation 

It remains foi the clinician to determine whether it will he advan- 
tageous m a given condition to utilize the prolonged actions of digitalis 
and digitoxm or the briefer actions of strophanthus and digitalm, but it 
seems more than probable that the more persistent action will be found 
pieferable in certain chronic cardiac conditions, whereas the less lasting 
dimtalm action probably will be preferred m certain conditions such as 
acute caidiac dilatation 

It is of the first importance to the clinician to know that the various 
digitalms are s\ nergistic m their action, and that when one member of 
the gioup is used m such a way that its action is elicited promptly (as 
after intramuscular, or intravenous injection) during the period when the 
action of a previously used digitalm persists, the dose of the drug so used 
must be regulated carefully because inattention to this detail rtiai result 
disastrouslj 

SUMMARY 

The production of the phenomena commonly called “cumulation” of 
the digitalms, depends on the relationships existing among a number of 
factors, including absorption, elimination and persistence of action, all of 
which are m need of investigation The use of the term cumulation tends 
to perpetuate a misconception 

The actions of the digitalms persist for periods of time which vary 
widelj uith the different members of the group, and with the species of 
animal employed 

The actions of digitoxm and digitalis persist longer than do those of 
the other digitalms m common use 

The cat shows this persistence of digitalis action much longer than 
the dog, rabbit or white rat 

The cardiac actions of a smgle very large intravenous dose of digitalis 
01 digitoxm may persist for a full month m the cat, but for only a few 
hours m the rabbit 

The actions of the largest sublethal dose of digitalm, ouabain or 
stiophanthus persist for onlj a day, or at most, a few days, in the cat 

It remains for the clinician to determine whether the long-lasting 
action of digitalis or the briefer action of strophanthus is to be preferred 
m a given condition of cardiac disease, but strophanthus cannot rival 
digitalis m general use until we learn more of the conditions governing 
its absoiption from the gastro-mtestmal tract, and of this we know prac- 
tically nothing at present 

Careful regulation of the therapeutic dosage of the digitalms is 
necessarj m order to avoid accidents This is especially necessary when 

1G " aT ~ llse ^ ln su ch a vai that the action is elicited promptlj during 
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the penod when the action of a pieviously used digitalm persists, and m 
this connection it must be lemembeied that every digitalm is a synergist 
of every other member of the group 

All of the digitalms maintain their relative position with regard to 
activity, so far as we have tested them on different mammals, by mtia- 
venous injection, and digitoxm has never been found by any observer to 
be as active as ciystallme ouabain when tested on mammals m this way , 
hence theie is no sufficient reason foi the wide-spread belief that digitoxm 
is enormously toxic for man, as compared with other digitalms 

No fixed ratio of activity can be determined for the digitalms when 
they are administered orall}, because of great differences m the rate of 
absorption fiom the gastro-mtestmal tract 

The full effects of moderately large doses of digitoxm aie not exeited 
on the heart at once even when they aie administered intravenously, but 
severe symptoms of poisoning may be elicited m a feu seconds, and death 
may occur wit h i n two minutes, aftei the mtiavenous injection of a very 
large dose of digitoxm 

The rabbit eliminates certain of the digitalms, at least, with a rapidity 
hitherto unsuspected, and previous studies of the so-called cumulative 
actions of these bodies, m which they were administered orally, or sub- 
cutaneously to labbits, lead to wholly erroneous conclusions 

Changes m the pulse-rate amounting to fifty beats per minute occur 
spontaneously m the cat and the rabbit, and large doses of digitalis often 
fail to elicit any constant changes m the pulse-rate of these animals, 
hence such changes as may occur after the administration of the digitalms 
to these animals afford no trustworthy indication of the persistence of 
action of the digitalms (See protocol of experiment, p 273 ) 
Further studies of the digitalms aie m progress m this laboratory, 
among the problems under investigation being those of absorption from 
the gastro-mtestmal tract , the rate at which the digitalms leave the blood- 
stream, their elimination from the organism, their storage m the tissues, 
and their persistence of action 

I -wish to acknowledge my indebtedness to Mr M I Smith, one of my students, 
for assistance m carrying out many of the experiments in this research 

414 East Twenty Sixth Street 
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THE EAT METABOLISM OE LIPOMAS 
H GIDEON WELLS, M D 

CHICAGO 

There is a widespread belief that the fats of lipomas are not available 
to the host as a source of reseive food-supply This is based on certain 
reputed instances m which the bearei of a lipoma is said to have become 
gieatly emaciated fiom some mtereurrent disease, notwithstanding which 
the lipoma has either remained its ongmal size or has even continued to 
grow Specific cases m which such occuirences have been accurately 
observed and leported are, however, difficult to find 

Shattock , 1 m an interesting discussion of ‘^Localized Fatty Deposits,” 
has commented on this paucity of evidence He himself knew of but 
two such leputed cases, and lemvestigation of some of the supposed 
lipomas m one of these cases showed them to be caseous lymph-nodes 
Eui thermore, he mentions a third case m which a subcutaneous lipoma 
did decrease m size during the emaciation of the patient A diligent 
search of the liteiature has not levealed to me many positive observations 
on this point 

Askanazy 2 repoits the piesence of multiple lipomas (which he looks 
on as a replacement of lymph-nodes by fat, comparable to the normal 
involution of the thymus) m a woman who became emaciated because 
of a tlryroid sarcoma, but he does not state whether the lipomas grew 
01 diminished m size during the emaciation Under the caption of 
Subperitoneal Lipomata,” Campbell 3 reports a case m which the tumor 
mci eased m size during the progress of emaciation, but the tumor was 
m reality a fatty saicoma, and hence falls outside the limits of this 
pioblem Adami 4 also states that m the huge letiopentoneal lipomas 
it is noticeable that the mass continues to grow and to enlarge at the 
expense of the rest of the body, while the normal fat deposits are being 
exhausted by the emaciating patient This feature seems prominent m 

^P) om the Pathological Laboratory of the Umveisity of Chicago 

"Submitted for publication July 18, 1912 

1 Shattock Proc Royal Soc Med , 1909, n, 176 

2 Askanazy Virchow’s Arch f path Anat , 1899, elvm, 40S 

3 Campbell But Med Jour , Nov 28, 1903, p 1397 

4 Adami Montreal Med Jour , 1897, xxv, 529 and 620 
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most of the fatty tumois wlncli anse in the letropentoneal region as 
is brought out m the compilation of eighty- one cases by Voeckler/ most 
of which showed cachexia 

The nature of these tumors is somewhat uncertain — they aie more 
cellular than ordinary lipomas, have a great tendency to myxomatous 
change, and lesemble malignant tumors m their fatal outcome and m 
the tendency to recur after removal In not a few there is an actual 
sarcomatous transformation of the tumoi, uhieh is especially likely to 
be observed m the recuirent growths, as m Yoeckler’s case These 
tumors of the perirenal fat tissue are not exactly comparable uith sub- 
cutaneous lipomas, but they do piesent m a conspicuous v, ay the ability 
of tumors to lay up a deposit of fat which the emaciating body cannot 
use for its own purposes Theiefoie, tumoi cells can not only build up 
their own cellular struct uie of proteins ulneh are inaccessible to the 
rest of the wasting body, but they can also lay on and withhold fat, 
which seems m all respects to resemble the normal stored food Since 
normal tissues do not ordinarily store fat for their own use, but for the 
use of the entire organism, this holding of fat by tumor cells when the 
rest of the body needs it, is entirely out of harmony with normal fat 
metabolism and challenges explanation 

Although many of the text-books on geneial pathology and pathology 
of tumors entirely omit mention of this property of lipomas (Aschoff, 
Senn, Bland-Sutton, Delafield and Prudden, Beattie and Dickson 
American Text-Book), yet there aie several ulneh give general state- 
ments without specific references or data Borst G states that the 
autonomy of lipomas is shown by the fact that when, m the course of a 
general emaciation, the physiologic fat depots of the body disappear, an 
existing lipoma will remain unaffected, or even continue to grow, 
fuither, it is also frequently observed that lipomas may develop on 
extremely emaciated individuals Kaufmann 5 6 7 says that m general 
emaciation of the host, lipomas do not participate, which illustrates well 
the independence of the tumors Ziegler, m his General Pathology, 
says, “A complete disappearance of a lipoma does not take place m the 
case of extreme general emaciation of the individual ” 

That fat in lipomas is not necessanly unavailable to the organism is 
shown by certain cases m which absoiption of the tumors has occurred 
One of these is the case previously quoted from Shattock 1 Most striking 
is the case described by Broca 8 A man, 31 years old, had a five-pound 
lipoma excised from the thigh Five months later hundreds of small 
fatty tumors appeared all over the body, and persisted and developed 

5 Voeckler Deutscb Ztscbr f Clur , 1908, xeix, 149 

6 Borst Die Lekre von den Geschwulste, i, 137 

7 Kaufmann Spezielle Patliologie, 1911, ed 6, p 1312 

8 Quoted by Warthin, Reference Handb Med Sc 
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about forty 3 ears, until the man was nearly 70 years old He then 
began to suffer fiom dysphagia, which caused emaciation This at first 
did not affect the tumors, but after several weeks the emaciation became 
extreme and the tumors diminished Death finally resulted from 
starvation At autopsy no trace of fat was found m the normal fat 
deposits A large fatty tumor surrounded the esophagus for the greater 
pait of the extent, occluding the lumen Other fatty growths were 
found m many places Many of the tumois had lost their fat and con- 
sisted of fibrous tissue, the others presented the appearance of fibro- 
lipomata The classification of such a tumor, with sudden dissemination 
like a cancer, but of essentially benign course, is a difficult matter, and 
this uncertainty makes the tiue significance of this remarkable case 
questionable 

Baker 9 reports a case m which multiple cervical lipomas became 
reduced m size (to one-half or one-thnd their original size) during a 
penod of emaciation brought about by some obscure lung disease, 
mci easing m size again later Unfortunately the report lacks many 
details necessary to carry conviction as to the fatty nature of the tumors 
Accoidmg to the statistics of Madelung , 10 the diffuse fatty tumors of 
the neck are characterized by independence from the general body 
condition He himself obseived a case m which emaciation of the patient 
from pulmonary disease had no effect on the growth m the neck. Of 
the cases m the literature collected by him, some of the patients were 
well nourished, none obese, some were thm or even emaciated Of these- 
Ivusteff s case showed a cessation of growth m the lipoma when the 
patient became emaciated (from “gastric disorder”), but the lipoma did 
not dimmish m size 

It is indeed difficult to understand how the fat of a lipoma can exist 
as it does, m intimate relation to the blood-vessels, and not be utilized 
when the host needs fat We know of no anatomic peculiarity that can 
explain such anomalous deportment on the part of the fatty areolar 
tissue of lipomas As Shattock has emphasized, the lipomas are stiuc- 
turally comparable to certain normal localized fat deposits, e g, the 
“liump” of the dromedanes, the fat-tailed sheep, the steatopygous masses 
of Hottentots, etc , yet all these deposits are drawn on when needed for 
nutriment The camel starts off on a journey across the desert with 
full and erect humps and reaches its destination with the humps reduced 
to pendant, flabby bags of skm On the other hand, more comparable 
with the reputed behavior of lipomas, are the sucking cushions m the 
cheeks of infants, which persist during emaciation 

9 Baker Tr Path Soe , London, 1879, xxx, 417 

10 Madelung Arch f klm Clur , 1888, xxxvu, 106 
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CHEMISTRY OF NORMAL AND LIPOMA FAT 

A chemical difference belli een Ihe lipoma fat and the fat of the 
normal fat depots might explain this unavailability of lipoma fat, but 
no such difference, of sufficient magnitude to be levealed by existing 
chemical methods, lia« been found The careful study of lipoma fat by 
Jaeckle 11 shoved a lemarkabl) close lesemblance to noimal subcutaneous 
human fat In the fatty masses of adiposis doloiosa Edsall 12 found the 
fat quite similar to noimal fat 

Tailing adequate explanation by stiucture or chemical composition, 
it might be imagined that there is a deficiency or abnormality of the 
enzymes of fat metabolism m the connective tissues This possibility 
has not been investigated previousl) According to the investigations of 
fat metabolism by Kastle and Loevenhart, the stoiage of fat b) tissues 
depends on the presence m these tissues of the enz) me lipase, which acts 
reversibly, eithei to split fat into fatty acids 01 glycenn, 01 to synthesize 
fat fiom these diffusible constituents as the) are piovided by the blood, 
the dnection of the leaction depending on the conditions of equilibrium 
One might imagine that absence of lipase fiom lipomas might account 
for the mabilit) of the fats to be lendeied available to the body, however 
m this case the storage of the fat m the lipoma would be difficult to 
explain Bearing on this li)potliesis is the observation of Lorn enliart , 13 
that watery extracts which he prepared from the 1 etroperitoneal and 
pericardial fat had less lipolytic activity than extiacts fiom subcutaneous 
fats, and that the two foimer fats are absoibed less lapidly during 
emaciation than aie the subcutaneous fats 

We have tested the lipolytic activity of a number of lipomas kindly 
supplied us by suigical friends, and also specimens of human fat tissue 
At first attempts were made to observe autolipolysis of the fatty tissues, 
by contrasting the development of acids m fresh fatty tissue or lipomas 
with boiled poitions of the same specimens These experiments all failed, 
because the antiseptics (toluene, chloiofoim) aie taken up to such an 
extent by the fats that putrefaction occurs even m the presence of a 
large amount of antiseptic We tlieiefoie weie obliged to remove the fat 
by extracting the tissue with etliei as lapidly as possible until free from 
fat then grinding and drying the exti acted residue, which could then 
be kept until wanted We have no means of knowing to how gi eat an 
extent, if any, the lipase is nquied by this proceeding, but it is not 
destroyed Such extracted tissues when added to natural fats and simplei 
esters in watery solutions or emulsion cause maiked hydrolysis, but any 
quantitative results obtained m such experiments are worthless The 


11 Jaeckle Zeitscln I physiol Chem , 1902, xxxvi, 53 

12 Edsall Amer Jour Med Sc, 1902, cxxiv, 994 

13 Loe\enliart Am Jour Physiol, 1902, vi, 341 
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proportion of stroma, blood-vessels, fascia, etc, m such tissue, the 
manipulations necessary m preparing the material and the unnatural 
conditions under which the lipolysis is cained out, must necessarily have 
so much influence on the results obtained with any sample of tissue that 
these results cannot be considered as reflecting the lipolytic activity of 
this tissue m its natural condition All we can say is that our tissues as 
piepared are or are not possessed of thermolabile lipolytic activity In 
the expenments were used natural human fat, lipoma fat, olive oil, ethyl 
butyrate and tnacetm The latter glycerol ester, which is recommended 
by Taylor , 14 seems to be, as he maintains, the best for experimental study 
of lipolysis, because it is water soluble and yet is a triglyeend The 
insoluble fats are too slowly attacked by lipase because of the small 
surface for action which they exhibit even when emulsiomzed, while such 
simple soluble esters as ethyl butyrate are chemically too dissimilar to the 
triglyeerids of natural fats to make them valuable mdicatois of the 
normal lipases which split triglyeerids 

EXPERIMENTS 

The experiments were conducted as follows 

One-half gram of the powdered tissue was placed m 50 c c of water to 
which 2 c c toluene was added, and then 2 to 4 c c of the fat or ester was added, 
as indicated m the tables The ■various experiments were pei formed at different 
times, and through an oversight the amounts of fats and esters used were not the 
same m each case This, however, is not a matter of great importance, for the 
results are, as previously emphasized, qualitative only and not quantitative 
Phenolphthalem was used as the indicator, and titration was made with n/10 
NaOH and HC1, the figuies given representing cubic centimeters of the n/10 
alkali required to neutralize Neutralization was done at various intervals, the 
length of which probably has some influence on the total results, for it is evident 
from the data given that with each tissue the amount of acid formed is not very 
different whether the interval is one, two, or several days, suggesting that after a 
certain degree of acidity is reached, there begins to be an inhibition of the hydrol- 
ysis With all specimens, it will be noticed, there was more hydrolysis when the 
tissue that had been heated m boiling water for thirty minutes was present than 
when there was only water, indicating that there is some thermolabile agent 
which accelerates hydrolysis There is, however, m every case except that of 
the action of the fibrosarcoma on lipoma fat and olive oil, a definite excess of 
hydrolysis m the presence of unboiled tissues, whether lipomas, sarcomas or 
normal fat tissue Tlieie are, however, no quantitative differences which seem 
striking enough to be of any significance whatever under the conditions of the 
experiment Usually there is considerable more hydrolysis by boiled tissues than 
by water alone, but we have not sufficient data to permit of speculation as to 
whether this indicates a thermostabile lipase, or an excess of hydrolysis by water 
m the presence of colloids 

The matenals used were as follows 

Lipoma N — -Mixed material, obtained by removing fat from three subcutaneous 
lipomas from different persons 

Lipoma A — Tissue from a single large subcutaneous lipoma 


14 Taylor Jour Biol Chem , 1906, n, 87 
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Lipoma B —Diffuse lipoma of the neck, “Madelung’s Neck”— freed from fat 
Fibrosa) coma — A large retroperitoneal tumor from a cow, extracted with ether 
Sarcoma of the Liver — An alveolar sarcoma of the liver of a cow, not known 
whether ‘primary or secondary Ether extracted 

Omental Fat Tissue — Normal tissue from a moderately emaciated tuberculous 
patient, freed from fat by ether 

Perirenal Fat — From same subject, ether extracted 
Subcutaneous Fat — From the same subject, ether extracted 
The results of the experiments are summarized m the accompanying tables 
1, 2, 3 and 4 


Table 1 — Triacctin 


Days Incubation 

D 

3 

5 

■ 

14 

Total 

Daily 

Avei 

Water only (2 cc ester) 

0 10 

0 39 

0 51 

0G2 

0 74 

2 3G 

017 

Lipoma X, boiled (2 cc ester) 

1 53 

19C ' 

2 77 

3 21 

3 14 

8 45 

0 60 

Lipoma X, fresh (2 c c ester) 

4 29 

G CO 

GG5 

G 80 

7 19 

31 43 

2 24 

Lipoma A, boiled (2 cc ester) 

1 00 

1 30 

1G4 

2 20 

2 18 

8 32 

0 60 

Lipoma A, fresh (2 cc ester) 

3 40 

5 20 

7 12 

8 13 

S4G 

32 31 

2 30 

Lipoma B, boiled ( 2 c c ester ) 

2 80 


2 80 


2 72 , 

7 32 

0 52 

Lipoma B, fresh (2 cc ester) 

12 SI 


17 3S 


17 48 1 

47 G7 

3 40 

Fibrosarcoma, boiled (2cc ester) 

191 


2 41 


2 35 

6 67 

0 47 

Fibrosarcoma, fresh (2 cc ester) 

10 42 : 


13 40 


12 GO 

30 42 

2 60 

Sarcoma of liver, boiled (2 cc ester) 

2 OS | 


194 


2 01 

G 03 1 

0 43 

Sarcoma of liver, fresh (2 cc ester) 

13 11 


19 08 


20 00 

52 19 

3 73 

Omental fat tissue, boiled (4 cc ester) 

3 45 

3 90 


4 59 

G 45 

18 39 

131 

Omental fat tissue, fresh (4 cc ester) 

8 45 

12 42 


15 01 

23 35 

59 23 

4 23 

Perirenal fat tissue, boiled (4 cc ester) 

3 20 


3 90 


G 40 

13 50 

0 96 

Perirenal fat tissue, fresh, ( 4 c c ester ) 

11 G5 


15 75 


27 00 

54 40 

3 90 

Subcutaneous fat tissue, boiled (2 cc ester) 

1 98 

2 01 

2 71 

2 50 


8 30 

0 83 

Subcutaneous fat tissue, fresh (2 cc ester) 

3 10 

3 00 

5 00 

5 30 


16 46 

1 65 


Table 2 — Ethyl Butyrate 


Days Incubation 

■ 

3 

5 

a 

14 

Total 

Daily 

Aver 

Water only (4 cc ester) 

0 14 

0 19 

0 10 

0 27 

0 31 

101 


Lipoma X, boiled (2 cc ester) 

0 50 

0 51 

0G0 

0 46 

0 67 

2 74 


Lipoma X, fresh (2 cc ester) 

2 23 

3 04 

3 01 

2 27 

4 86 

15 41 


Lipoma A, boiled (4 cc ester) 

0 89 

0 89 

0 98 

0 90 

1 12 

4 38 


Lipoma A, fresh (4 c c ester) 

3 60 

5 11 

6 81 

5 00 

7 42 

28 00 


Fibrosarcoma tissue, boiled (4 cc ester) 

1 39 


131 


1 27 

3 97 


Fibrosarcoma, fresh ( 4 c c ester ) 

4 68 


5 60 


5 55 

15 83 

1 13 

Sarcoma of liver, boiled (4 cc ester) 

1 12 


1 18 


1 15 

3 45 


Sarcoma of liver, fresh (4 cc ester ) 

2 36 


2 80 


2 76 

7 92 


Omental tissue, boiled (4 cc ester) 

I 33 

1 78 


2 10 

I 95 

7 16 

0 61 

Omental tissue, fresh (4 cc ester) 

3 02 

4 23 


4 65 

6 10 

19 40 

1 40 

Perirenal fat tissue, boiled (4 cc ester) 

1 55 


143 


187 

4 85 

0 35 

Perirenal fat tissue, fresh (4 cc ester ) 

5 60 




10 85 

Z3 65 

1 68 


There being no significant difference between lipoma tissue and 
ordinary fatty areolar tissue in regard, to their activity m hydrolyzing 
esters, it was thought well to see if the lipoma fat itself differed from 
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normal fat m the degree or ease with which it is hydrolyzed by tissue and 
pancreatic extracts The following experiments do not indicate that 
lipoma fat is peculiar m respect to its hydrolysis by pancreatic lipase 
Fat was obtained alike from lipomas and noimal subcutaneous and 
omental fat tissues, by exti acting the fresh tissues m the cold with ether 
and removing the ether at low temperature In two experiments 5 cc 


Table 3 — Lipoma Fat 


Days Incubation 

1 

3 

5 

7 

14 

Total 

Daily 

Aver 

Water alone (2 cc fat) 

0 07 

0 08 

0 17 

iff 

m 


005 

Lipoma A, boiled (2 ce fat) 

017 

0 42 

0 60 

Ml 

mm 


0 17 

Lipoma A, fresh (2 ce fat) 

0 27 

0 46 

0 64 

■ns 

Wmm 


017 

Lipoma B, boiled ( 2 c c fat) 

120 


1 10 


0 87 

3 17 

0 23 

Lipoma B, fresh (2 cc fat) 

1 53 


1 45 


1 06 

4 04 

0 29 

Fibrosarcoma, boiled (2 ce fat) 

0 57 


0 51 


0 42 

150 

Oil 

Fibrosarcoma, fiesh (2 cc fat) 

0 51 


0 58 


0 40 

149 1 

Oil 

Sarcoma of liver, boiled (2 cc fat) 

0 37 


012 


0 32 

0 81 

0 06 

Sarcoma of liver, fresh (2 cc fat) 

1 23 


1 20 


0 65 

3 08 

0 22 

Omental tissue, boiled (4 cc fat) 

0 60 

0 60 


133 

150 

4 03 

029 

Omental tissue, fresh (4 ce fat) 

1 50 

122 


1 76 

174 

6 22 

0 44 

Perirenal fat, boiled (4 cc fat) 

0 S3 


1 0 

I 

142 

2 25 

016 

Perirenal fat, fresh (4 cc fat) 

0 82 


20 


189 

5 71 

1 

0 41 


Table 4 — Olive Oil 


, Days Incubation 

n 

3 

• 

5 

n 

14 

Total 

: 

Daily 

Avei 

Water alone (2 cc oil) 

0 06 

00 

0 1 

00 

0 1 

0 26 

0 02 

Water alone (2 cc oil) 

00 

00 

00 

00 

0 09 

0 09 

0 01 

Boiled lipoma tissue X (2 cc oil) 

0 05 

0 03 

0 14 

0 13 

0 20 

0 55 

0 04 

Fresh lipoma tissue X (2 cc oil) 

0 61 

0 32 

0 22 

0 17 

0 25 

157 

Oil 

Boiled lipoma tissue A (2 cc oil) 

00 

00 

00 

0 14 

0 10 

0 24 

0 02 

Fresh lipoma tissue A (2 cc oil) 

0 17 

0 28 

0 24 

0 36 

0 42 

147 

Oil 

Boiled fibrosarcoma ( 2 c e oil ) 

0 30 


0 13 


0 05 

0 48 

0 03 

Fresh fibrosarcoma (2 cc oil) 

0 40 


0 15 


0 07 

0 52 

0 04 

Sarcoma of liver, boiled (2 cc oil) 

0 23 


0 07 1 


0 27 

0 57 

0 04 

Sarcoma of liver, fresh (2 cc oil) 

1 36 


0 58 1 


0 58 

2 52 

0 18 

Omental tissue, boiled (4 cc oil) 

00 


00 

* 

# 

? 

? 

Omental tissue, fresh (4 cc oil) 

1 12 

0 47 1 


1 70 

0 87 

416 

0 30 

Perirenal fat, boiled (3 cc oil) 

0 15 

0 20 



0 56 

0 91 

0 06 

Perirenal fat, fresh (3 cc oil) 

175 

« 

100 



2 56 

5 31 

0 38 


*Infected 


lipoma fat and 5 c c normal fat were each acted on by 50 c c of a 10 per 
cent emulsion of fresh dog pancreas The mixture was first neutralized 
to plienolphthalem, then after six days m the incubator (with toluene) 
the watery emulsion was approximately neutralized with n/10 HaOH 
After further incubation for two weeks m Experiment B, and three weeks 
m Experiment the emulsions were shaken out with equal volumes of 
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ethei winch had been neutralized to phenolphthalem, and the etheieal 
extracts washed by shaking out with watei The resulting ethereal extract 
was titrated with n/10 alcoholic NaOH, and the results were found to 
agree with each other as closely as could be expected with the materials 
and methods — as shown in Table 5 


Table 5 — Comparison or the IIydrolvsis or Lipoma Fat and Normal Fat 



| Lipoma Fat 

Normal Fat 

A Titration m ILO sol , 5 days 

87 5 

90 8 

B Titration in H.O sol , 5 days, 

G4 8 

59 4 

A Titration in ether sol , 3 Meeks 1 

j 30 3 

3G 15 

B Titration in ether sol , 2 w eeks 

ID 1 

22 3 

! 


SUMMARY 

The liteiature lacks satisfactory evidence to establish the generally 
accepted statement that simple subcutaneous lipomas do not give up then 
fat to the body during emaciation, although tbeie are certain more or less 
incomplete observations m support of this contention, and also definite 
cases u Inch are entirely at variance with it, there is no question that it 
is correct for fatty sarcomas All reported analyses indicate that the fats 
of lipomas are identical with the fats of normal fat deposits A senes of 
experiments has also failed to indicate any lack of ability on the part of 
lipoma tissue to Indrolyze various fats and esters which are also hydro- 
lyzed by normal fatty aieolar tissues No reliable method could be devised 
which would indicate whether lipomas and normal fat tissues differ m 
their quantitative action on fats and esteis Lipoma fat is hydrohzed by 
pancreatic lipase as readily as is normal human adipose tissue 






THE UTILIZATION OE PARENTERALLY INTRODUCED 

SERUM »■ 


J HAROLD AUSTIN, MD, and ARTHUR B EISENBREY, MD 

PHILADELPHIA 

The question as to how completely foieign piotems mtiodnced 
parenterally can be utilized by the animal organism is one that has been 
nndei discussion and investigation for more than forty years The 
earliest method of attack was that of injecting a protein, such as egg- 
white or foreign blood-seium and testing the urme for eoagulable protein, 
on the assumption that if the protein could not be utilized by the body 
it would be eliminated promptly m the urine m eoagulable form If, 
therefore no eoagulable protein was found after such injection the pro- 
tein was supposed to have been utilized by the body Stokvis , 1 Ponfick , 2 
Ott 3 and Lihenfeld 4 have leported experiments of this type and have 
found that m the dog and the rabbit the injection of egg albumin is 
followed by albuminuria while injection of blood-serum is not Other 
proteins of animal or vegetable origin likewise varied m then power to 
produce albuminuria 

With the development of the piecipitm reaction a new method of 
appioaclung this problem was at hand Hamburger 5 studied the results 
of the subcutaneous injection of egg-white into the rabbit and found that 
the serum of the rabbit ceased within about a day to show the presence 
of egg-albumm by the precipitin test He also noted that on repeated 
injections of egg-white into the rabbit, it m time ceases to react by the 

''‘From the John Hen Mussei Depax tment of Research Medicine, Umveisity of 
Pennsylvania, aided by a giant fiom the Committee on Scientific Investigation 
of the Amencan Medical Association 

1 Stokvis, B J Huhnei Ei weiss u Seruinervveiss n lhr Veilialten z 
thiensch Oiganismus Zentialbl f d med Wissensch , 1864, 11 , 596 

2 Ponfick Exper Beitrage z Lehie v d Tiansfusion Aich f path Anat 
u Phys u f klm Med , 1875, lxn, 273 

3 v Ott Ueber den Emflnss d Kochsalzinfusion auf d verbluteten Organis- 
mus lm Vergleich m anderen z Tiansfusion venvendet Flussigkeiten Arch f 
path Anat u Phys u f klm Med , 1883, xcm, 114 

4 Lilienfeld Ztschr f phys u diat Tlierap , 1899 Quoted by Lommel, 
See Note 11 

5 Hamburger, E Zui Fiage d Immunisierung zg Enveiss Mien klm 
Wchnsclir , 1902, xv, U8S, Arteigenheit u Assimilation, Leipzig-Wien, 1903, 
Hamburger, F , and v Reuss, A Die Folgen parenteral Injektion v \erschieden 
genumen Evweisskorpem Wien klm Wchnsclir , 1904, xvn, S59 
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development of albuminuria Michaelis and Oppenheimei 0 observed the 
same fact and noted that about the time the albummuiia ceases to follow 
the injection, the labbit’s serum contains a specific precipitin against 
egg-albumen They advanced the hypothesis, therefore, that the precipitin 
is a denaturing agent which takes pait m breaking down the foieign 
protein This explanation cannot be applied to all animals, for Ham- 
buiger found that the dog is incapable of developing piecipitms to foreign 
piotem, as did al=o Friedenwald and Isaac 6 7 Hamburger and Moro 8 9 have 
studied m man and the rabbit the time dunng winch horse-serum could 
be demonstrated m the blood aftei subcutaneous injection In three 
childien they found, by the piecipitm test, horse-serum (antitoxin) m 
the circulating blood for nineteen to Hurt) -one dajs after injection, and 
m each instance tlieie developed m the child’s serum, tuo to three dajs 
before the disappearance of the horse-protein fiom the blood, a specific 
precipitin against horse-serum In the rabbit the horse-protein was 
demonstrable by the piecipitm test for eight days, regardless of whether 
a laige or a small injection had been given, and a specific precipitin 
against lioise-seium developed m the rabbit’s blood between the sixth and 
eighth dajs 

Later Hamburger and Slulca 0 studied, both by the piecipitm test and 
by determining the antitoxic actmtj, the peisistence of tetanus antitoxin 
(horse-serum) in the dog, goat and cat, after subcutaneous injection Bj 
both methods they found a persistence of the foreign protein m almost 
undiminished quantity for five to seven days, at which time, houever, a 
sudden, rapid diminution m the quantity occurred To explain this 
entire group of findings with the piecipitm test, Hamburgei has advanced 
the hjpothesis that the horse-serum is distributed m the circulating blood, 
neithei utilized nor excreted, until the body, after a latent period, 
develops the power of breaking up the foreign protein 

Friedenwald and Isaac , 7 however, have found evidence that the sub- 
stance essential to the precipitin reaction and stimulating the formation 
of a specific precipitin in the host is not identical with the whole piotem 
injected and that the persistence of this essential substance cannot be 
taken as evidence of the persistence of the whole protein They have 
injected horse-serum into both fasting dogs and dogs on a nitrogen 

6 Michaelis, L , and Opppnhcimer, C Ueher Immunitat gegen Enveissf orper, 
Arch f Physiol (Engelmann), 1902, Suppl , 330, Oppenlienner, C Ueher d 
Sclncksal d mit Umgehung d Darmkanals emgefiihrten EiweissstofTe, Hof 
meister’s Beitrage z chem Phys n Path , 1904, iv, 203 

7 Friedenwald, U , and Isaac, S Weiterc Untersuch u d parenteral Eiweiss 
stoffwechsel Ztschr f exper Path u Therap , 1907, iv, 830 

8 Hamburger, F , and Moro, E Ueber d biolog nachweisbar Veianderung 
d mensehlich Blut nacli d Seruminjektion Wien ldin Wchnsclir , 1903, xvi, 445 

9 Hamburger, F , and Sluka, E IJebei d Yerdauungsfalugkeit d Ivorper 
zellen, Wien klm Wchnscln , 1905, xvm, 1323 
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balance, and have studied the elimination of nitrogen m the urine, and 
also, by the use of the precipitin test and the complement deviation 
method, have studied the peisistence of the foreign protein m the serum 
Their chemical studies were made, with one exception, after subcutaneous 
injection, the biological studies, after intravenous injection While their 
studies by the piecipitm method confirm Hamburger’s work, they find by 
the complement deviation method a giadual diminution of the foreign 
protein m the blood, beginning m the fiist twenty hours and continuing 
for eight to ten days Moreover, m their studies of the urine, they 
observed almost always within the first forty-eight hours a quantitative 
elimination of the nitrogen injected This result will be discussed later 

Studies based on the nitrogen elimination m the urine have been of 
two types (1) those on fasting animals, (2) those on animals m nitrogen 
equilibrium. We will consider these separately 

EXPERIMENTS ON EASTING ANIMALS 

horsier 10 reports that after injecting both egg-white and horse-serum 
into fasting dogs an increased output of urea occurs Lommel 11 m a 
series of investigations on seven fasting dogs recoveied from 50 to 100 
per cent of the nitrogen (15 gm ) of swine-serum mtioduced intra- 
venously, and most of this within six to twelve hours hnedenwald and 
Isaac injected dog-, horse- and goat-serum and egg-albumen subcutane- 
ously into dogs that had fasted from eleven to fouiteen days In all the 
experiments they found an increased output of nitrogen approximating 
the amount introduced They quote also a personal communication from 
Loewy He studied the nitrogen elimination of a fasting dog for three 
days before and three days after a transfusion of blood containing about 
3 gm of nitrogen (amount of blood determined by change m weight of 
donor) and noted after tiansfusion an increased elimination of 1 48 gm 
In all these experiments there was a definite increase of nitrogen elimina- 
tion following the nitrogen injection An experiment of Michaelis and 
Kona 12 gave a diffeient result They studied a fasting dog for five days 
before and seven days after a subcutaneous injection of 100 c c of dog- 
serum, containing 1 15 gm. nitrogen, and obtained no increase m the 
output of nitrogen The value of their results, as well as those of 
Kriedenwald and Isaac, is greatly diminished by the fact that their 
injections were made subcutaneously instead of intravenously 

10 Forster Ztsclir f Biol , 1875, xi, 496 Quoted by Friedenwald and Isaac, 
Note 7 

11 Lommel, F TJeber d Enveissabbau b parenteral Evvveisszufuhr Arch 
f exper Patli u Phaim , 1907, lvm, 50 

12 Michaelis, L and Bona, P Untersucli uber d parenteral Eiweissstoff- 
vreclisel Arcli f d ges Physiol , 1908, cum, 406 
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EXPERIMENTS OX ANIMALS IN NITROGEN EQUILIBRIUM 

Lommel biought loin dogs into nitrogen equihbnnro Into tlnee lie 
mtioduced dog-serum mtiavenously, the fourth received blood by trans- 
fusion In none of these expenments did lie find an increase m the 
nitrogen elimination, but when heated seium was injected he obtained 
promptly a quantitative elimination of the nitiogen injected Fneden- 
v aid and Isaac, on the other hand, placed a twelve-lalo dog on a daily diet 
of 120 gm lioi so flesh and 50 gm bacon They then injected, subcu- 
taneously, 160 c c of dog-serum containing 1 37 gm nitrogen and during 
the following foui days obtained an elimination of 1 51 gm of nitrogen 
m excess of the nitrogen of the diet 

It will be seen that the results obtained by these mvestigatois aie 
far from uniform 

An experiment which is a combination of the feeding and fasting 
methods is the following Cailei 13 fed a dog by mouth until it was m 
nitrogen equilibrium, and then ceased feeding by this method and gave 
for thirteen days hypodermic injections of peptonized skimmed nnllc and 
glucose He concluded as the icsult of these observations that it is pos- 
sible by this method to keep a dog, at least for a slioit time, m nitrogen 
equilibrium His animal, liowevei, received dui mg the tlniteen days of 
the injection penod, quantities of glucose varying from 32 calories pei 
kilo to 9 calories per kilo daily — always a quantity below the animal’s 
caloric needs Still moie objectionable, however, is the fact that appar- 
ent^ more carbohydrates were given on those days on which more 
nitiogen was given and as undoubtedly an increase m the supply of 
caibohydrates tends to reduce the nitrogen catabolism the expeiiment is 
not entnelj conclusive 

The inegulanty m the results obtained by different observers both 
m fading animals and those on nitrogen balance is, w e think, explicable, 
and on the basis of our explanation we eonsidei neitliei method suitable 
to the study of the question m hand A fasting animal, when its stores 
of glycogen and of fat have been eonsidei ably reduced, will immediately 
deammate introduced protein, utilize it to supply its calouc needs and 
excrete the nitrogen promptly as uiea Almost all the expei iments 
reported m the literature on fasting animals are most leadily thus 
explained On the other hand, it is well known that an animal m 
nitrogen equilibnum eliminates promptly the greatei part of any addi- 
tional nitiogen administered, and thus Friedenwald and Isaac’s experi- 
ments m the second group may be explained If, however, an animal be 
given a nitrogen-free diet, containing sufficient carbohydiate and fat 
adequately to meet its caloric needs, its nitrogen excretion will be reduced 

13 Carter, H S Metabolism Experiments in Artificial Nutrition The 
Archives Int Med , 1908, i, 335 
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to a minimum lepresentmg simply tlie end-pioduct of the minimal tissue 
catabolism If now tlieie is administered a nitrogenous substance which 
can be completely utilized for replacing this tissue waste there will be no 
nitrogenous residue, the cellular catabolism will not be increased and the 
daily excietion of nitrogen will remain unchanged, still representing the 
daily cellular catabolism If, however, a nitrogenous substance is admin- 
lsteied which cannot be utilized for rebuilding tissues, the nitrogen thus 
adinimsteied will be excreted as well as tlie nitrogen of the daily cellular 
catabolism and the daily nitrogen elimination will be increased by the 
amount of nitiogen administered This method has been used by 
Michaud 14 for studying the extent of utilization of various proteins given 
by mouth and also more recently for othei purposes by McCollum 15 In 
only one expenment m the literatuie, so far as we can determine, has the 
question of utilization of parenteially introduced protein been approached 
by this method This is one of the experiments of Enedenwald and 
Isaac m which they placed a dog on a nitrogen poor (potato) diet and 
then injected egg- albumin In this expenment only a slight increase m 
the nitrogen elimination follow ed the injection and this was referable to 
coagulable protein These authors, however, have not used this method 
wufh other piotems and all their chemical studies were made after sub- 
cutaneous injections except m one experiment in which a fasting dog 
was given horse-seium intravenously "We therefore believed it to be 
worth while to again appioach the pioblem from the chemical side, to 
place the animals on a suitable diet, use mtiavenous injections and, also, 
instead of giving only one injection of the protein to give injections daily 
for two or three successive days 


METHODS 

Our procedure has been to place each dog on a diet of butter, rendered 
nitrogen-free by ethei extraction, and of cane sugar m quantities suffi- 
cient to maintain a minimal nitrogen elimination without producing 
eithei diarrhea, gljcosuria 01 vomiting Usually this required from 70 
to 85 calones pei lalo Each dog was fed daity at 5 p m The food was 
well borne and was eagerly eaten thiougliout the experimental periods 
reported At 9 a m the dog was given a definite quantity of w ater and 
salt by stomach-tube and at 2 p m was catheter i zed and the twenty -four- 
hour urine taken After a preliminary period of several days the nitrogen 
of the urine was estimated by the Kjeldahl method daily for three oi 
four days Eoi the next tw r o oi three days, immediately after catheteri- 

14 Midland, L Beitrage zur Ivenntms d pliysiolog Eiweissmimmum Ztschr 
f physiol Chem , 1909, lix, 421 

15 McCollum, E V Nature of tlie Repair Piocesses in Protein Metabolism, 
&m J oui Physiol, 1911, xxix, 215 
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zation, the animal was given mtiavenously each day an amount of blood- 
serum containing nitrogen appio\imately equal to that which the animal 
had been eliminating daily duung the conti ol penod In all othei 
respects the regime, including the diet, was unchanged Finally the same 
regime and diet and the nitrogen analjses uere continued for a few days 
after cessation of the injections In the eaily expenments the feces were 
collected as often as voided, which uas onlj once m several days, and 
then mtiogen content estimated by the Kjeldahl method As, however, 
the feces contained an amount of nitrogen equivalent to only 0 02 to 
0 047 gm daity, the analysis of the feces vas omitted m the later experi- 
ments The urine was examined daily for coagulable piotem by the 
heat and acetic acid method and foi glucose by the Fehlmg method, and 
foi diaeetic acid by ether extraction and the fernc elilond test 

author's experiments 

Experiment 1 — A female dog weighing 6,530 gm , was placed, on Februaiy 10, 
on a diet of 9 gm nitrogen free butter, 95 gm cane sugar, 500 e c water and 1 gm 
sodium elilond dailj The injections of dog serum nere made into a small iem 
of the leg under ethei anesthesia The lesults are shown m Table 1 


Table 1 — Nitrogen and Coagllabix Protein Elimination in Experiment 1 


24 Hours 
Beginning 
2pm 

Weight 

in 

Grams 

Serum 
Injected 
in c c 

Nitrogen 
of Serum 
m Gms 

Volume 
of TJiine 
in c c 

Nitrogen 
of Urine 
m Gms 

Coagulable 

Protein 

Feb 

14 

6,040 



110 

9G 

Very faint trace 

Feb 

15 

G,390 



210 

1 12 

Very faint trace 

Feb 

1G 

G,455 



3G0 

1 12 

Very faint trace 

Feb 

17 

G,450 

100 

1 05 

340 

1 10 . 

Very faint trace 

Feb 

18 

G,460 

100 

1 05 

280 

88 

Very faint trace 

Feb 

19 

G 240 

100 

105 

230 

so 

Very faint trace 

Feb 

20 

G,2S0 



1 275 

85 

Very faint trace 

Feb 

21 

G,300 



! 290 

i 

87 

Trace 


The table shows that no increase m the elimination of nitrogen during 
or following the period of serum injections occurred and that no signifi- 
cant quantity of coagulable protein appeared m the mine Glucose and 
diaeetic acid weie not present The conclusion is inevitable that the 
serum injected was completely utilized by the body for cellular anabolism 
It should perhaps be stated that the gradual fall m the nitrogen 
elimination is the characteristic fall that constantly occurs m an animal 
on a caloncally adequate, nitrogen-free diet, and which, as noted b} 
McCollum, 15 continues to the seventeenth day 

This experiment was performed with practically the same results on 
another dog except that during the fiist day of the injection period the 
food was vomited, owing to the animal having been fed too soon after 
etherization 
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Experiment 2 — A female dog weighing 6,230 gm was placed, on January 24, 
on a diet of 8 7 gm nitrogen-free butter, 98 gm cane sugar, 500 cc water and 1 
gm sodium chlorid daily The injection of dog-serum was made into a small 
vein of the leg under ether anesthesia The results are shown m Table 2 

Table 2 — Showing Excretion op Nitrogen and Coagulable Protein in 

Experiment 2 


24 Hours 
Beginning 
2pm 

Weight 

m 

Grams 

Seium 

injected 

mcc 

Nitio- 
gen of 
Serum 
m Gms 

Volume 

of 

Urine 
in c c 

Nitio- 
gen of 
Urine 
m Gms 

Coagulable 

Protein 

Jan 28 

6,070 



520 

1 25 

None 

Jan 29 

6,135 



560 

1 12 

None 

Jan 30 

6,090 



380 

1 01 

None 

Jan 31 

6 090 

100 

1 05 

550 

1 48 

Vomited 

Feb 1 

6,020 

80 

84 

425 

1 14 

Faint tiace albumin 

Feb 2 

6,020 

80 

84 

520 

1 21 

Faint trace albumin 

Feb 3 

5,880 

80 

84 

340 

1 07 

Faint trace albumin 

Feb 4 

5,955 



330 

0 98 

Faint trace albumin 

Feb 5 

5,890 1 


i 

410 

0 99 

Faint tiace albumin 


The unne was free from glucose and diacetic acid On Januaiy 29 a control 
anesthetization was done quite similai to that used during the injections Omit- 
ting the analysis on January 31, which is rendered worthless by the vomiting, 
we find the average elimination for five days, the three days before commencing, 
and the two days after ceasing injection, to be 1 08, the average elimination during 
the three days of injection 1 14 Here again we may conclude that practically 
all the nitrogen of the serum was utilized 

The same type of experiment was next tried with horse-serum instead 
of dog-seium The horse-serum was obtained fresh and without pre- 
servative 

Experiment 3 — A female dog, weighing 6,375 gm was placed, on January 22, 
on a diet of nitrogen-free butter and cane sugar the quantities being gradually 
meieased until January 31 when the diet was fixed at 10 gm butter, 113 gm 
sugar, 300 c c water and 1 gm sodium chlorid daily The horse serum was 
injected into a small vein of the leg under ether anesthesia The results were as 
shown m Table 3 


Table 3 — Showing Excretion op Nitrogen op Urine and Coagulable Protein 

in Experiment 3 


24 hours 
Beginning 
2pm 

Weight 

m 

Grams 

Serum 

injected 

mcc 

Nitio- 
gen of 
Serum 
m Gms 

Volume 

of 

Urine 

mcc 

Nitro- 
gen of 
Urme 
in Gms 

Coagulable 

Protein 

Feb 1 

5,880 



350 


None 

Feb 2 

5,87S 



470 

128 

None 

Feb 3 

5,815 



275 


None 

Feb 4 

5,S50 

80 

74 

430 

1 23 

Mmm 

Feb 5 

5,750 

80 

74 

450 

1 35 


Feb 6 

5,S10 

80 

74 

290 

123 

None 

HHBSI 

5,780 



180 

1 10 

Trace 
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Traces of glucose and diacetic acid weie found on Ecbiuarj 7, and as 
appetite failed at this point the experiment was brought to an end In 
this expel iment the average elimination of the thiee conti ol days of the 
foie penod and the one day of aftei penod was 1 13, of the three days of 
injections, 1 27 Ilere also it is evident that the seium has been com- 
pletely or almost completely utilized A second similar experiment, owing 
to the laigei amount of seium injected, gave eien more conclusne results 

ExPERnrnxT 4 — A female dog, weighing 7 070 gm , was placed on a diet of 
nitrogen free butter and cane sugar, on March 2 Fiom March 14 to 10 it loceived 
daily 8 gm of mtiogen fiee buttci, 100 gm cane sugar, 500 cc water, and 1 gm 
sodium chlond, from Mnich 17 to 21 the butter was reduced to 0 5 gm daily 
The hoise serum was injected into a small lein of the leg, urnlei ethei anesthesia 


Table 4 — Uiuxl Neirogex and Coagllabie Ppoii ix Excretion ix 

Expi riment 4 


24 Hours 
Beginning 
2pm 

Weight 

in 

Grains 

Serum 
injected 
111 c c 

Nitre 
gen of 
Sei um 
in Gms 

Volume 

of 

Urine 
111 c c 

Xilro 
gen of 
Unne 
m Gms 

Congulablc 

Protein 

March 15 

' 



425 

1 33 

Vci \ faint trace 

March 10 

WBM 


^ 1 GO 

155 

1 3G 

Ven faint trace 

March 17 

? ; 



500 

1 37 

Yen faint trace 

March 18 

mmm 

120 


480 

1 52 

Ven faint trace 

March 19 


100 

1 32 

447 

1 19 

Very faint trace 

March 20 

lift till 


1 

305 

1 11 ! 

Ten faint trace 

March 21 

mi 



J33 

1 11 

Ven faint trace 


No glucose or diacetic acid appealed in the unne Here again is 
presented definite evidence of complete oi almost complete utilization of 
the foieign seium Whether the slight use noted m both Experiments 
3 and 4 is a coincidence or is due to a small fi action of the serum that is 
not utilized and is theiefore eliminated, oi is due to a toxic action of the 
seium, causing a slight increase in catabolism, it has been impossible to 
determine Toxic action however, is rendered impiobable by the fact 
that no increase m temperature was noted duiing the penod of seium 
injection 

We believe that these expenments demolish ate, so fai as can be shown 
by the chemical method, that the dog is able to utilize completely, homol- 
ogous seium, parenteially introduced and completely, oi almost com- 
pletely, hoise-serum similarly mtioduced We diffei theiefore, fiom 
Enedenwald and Isaac, who concluded that the dog cannot utilize paien- 
teially introduced horse-seium We believe that their conclusions based 
on their chemical studies, are incorrect owing to the method they 
employed , that is the use of dogs either fasting or on a nitrogen balance 
It is also worthy of note that the marked toxic effects winch they noted in 
dogs receiving injections of horse-serum after being fed on a flesh diet 
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(usually horse flesh) were absent m our experiments with a butter and 
sugar diet Also their observations on the persistence of horse-serum 
piotem injected mtiavenously into the dogs, as measured by the com- 
plement deviation test, is of much intei est m connection with our chem- 
ical studies The gradual diminution, beginning soon after injection and 
continuing for seveial days, which they demonstrated m the amount of 
the complement deviating substance peisistmg m the circulation of the 
injected dog, is precisely the gradual diminution that one must expect if, 
as we believe, the horse-serum protein distributes itself evenly throughout 
the blood of the injected dog and is giadually utilized by the dog, simul- 
taneously with the dog’s own blood piotem, at a rate pioportional to the 
foieign protein’s concentration m the dog’s blood We believe, therefore, 
that the complement deviation experiments of Fnedenwald and Isaac with 
our own chemical studies affoid stiong evidence that the dog can utilize 
both homologous seium and horse-serum, introduced intravenously, as a 
source of tissue nitrogen 

CONCLUSIONS 

1 In order to use changes m the elimination of nitrogen as a basis foi 
deductions concerning the utilization of nitrogenous substances paren- 
terally introduced, the animal must be on a caloncally adequate, mtio- 
gen-free diet 

2 A dog on such a diet and leceivmg intravenously an amount of 
nitrogen, m the form of dog-serum, approximately equal to that being 
eliminated, shows no increased elimination of nitrogen 

3 When a foreign serum, as horse-serum, is injected instead of dog- 
seium, the nitrogen elimination is increased very little, if at all 

d The dog, therefore, is able to utilize completely foi anabolic 
processes the protein of dog-seium and all, or almost all, of the protein 
of horse-serum introduced intravenously 



“LOW FEVER”" 


T H 'WRIGHT, M D , axd W ALLAN, M D 

CIIARLOTTH, 7, C 

Foi a number of yea is, but during 4 the past summer particulaih, oui 
attention lias been dneeted to a clinical picture vanousl} known as “con- 
tinued fever,” “sun fever,” “Wilmington fever,” “low fever,” etc , the 
only constant symptom of winch is a supposedly continuous elevation of 
temperature That this supposition is meoirect can be easily determined 
by taking the tempeiature throughout the twenty-four hours, when it 
will be found that during the night the “fe\ei” disappears But as these 
patients do not feel ill, and do not go to bed, they are seen by the physi- 
cian only during the day, hence the idea of a continuous elevation of 
tempeiatuie As very little has appeared m the literature concerning 
this condition, a fullei descnption of this so-called “low fevei” seems 
desnable, more especially for the sake of diffeiential diagnosis 

The causes of continued fever m the noithern pait of the temperate 
zone, as laid down by Cabot 1 for Few England, are tjphoid fever, tuber- 
culosis and sepsis In the southern states theie must be added as causes 
of continued fever the malarial fevers , 2 Malta fever , 3 hepatic abscess of 
amebic ongin , 4 and m the tropics tijpanosomiasis and kala azar 

In this locality the chief difficulty lies m differentiating tuberculosis, 
foi during the past decade a mass of accurate statistics on the prognosis 
of tuberculosis has become available shoving that the earlier the diagno- 
sis is made and the sooner treatment is commenced, the bettei are the 
chances foi arrest or recovery This show mg has naturally increased the 
desne for the eailiest possible diagnosis 

The various tuberculin reactions and the Roentgen ray have taught 
us that periods of malaise with a rise of a degree m tempeiature, are fre- 
quently the manifestations of a slight or of an eaily tuberculous infection, 
even m the absence of physical signs m the chest and of clinical pulmo- 
nary sjmptoms 

In this particular localit}' the tiopieal fevei s, including aistivo- 
autumnal malarial fever,® are unknown, so that after excluding amebic 

•Manuscript submitted for publication Aug 1, 1912 

1 Cabot, R C Tlie Three Long Continued Fevers of New England Boston 
Med and Surg Jour, Aug 29, 1907, Differential Diagnosis, p 389 

2 Craig, C F The Malarial Fevers 1909 Win Wood & Co 

3 Feienbaugli, T L Endemic Mediterranean Fever (Malta Fever) m South- 
west Texas Jour Am Med Assn , 1911, xlvn, 730 

4 Rogers, L Fevers in the Tropics, ed 2, p 379 

5 Allan, W Charlotte Med Jour, 1911, l\iv, 165 
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hepatitis and amebic abscess of the liver, malaise with a slight daily rise 
of temperature without leukocytosis should be considered pres um ptive 
evidence of a tuberculous infection But we submit that an early diagno- 
sis cannot be made by exclusion in this latitude, and that the eases so diag- 
nosticated are subjected to unnecessary mental anguish and their condi- 
tion is thereby aggravated, because of such a diagnosis 

In the tropics this “low fever” was some years ago singled out from 
among the unclassified non-specific continued fevers 

HISTORICAL 

In 1894 A Crombie 0 (a) gave a very good description of this condi- 
tion as follows 

t 

It is one which is only occasionally met with among Europeans, and I do not 
think I have met with it m the natives m India, but if it does occur among them 
it would hardly be brought under my notice I refer to a persistent low elevation 
of temperature unaccompanied by any constant symptoms of definite duration, 
and uninfluenced either by quimn or arsenic The temperature never falls below 
99 degrees and rarely rises above 101 5 It may continue for several weeks 
without complication except, perhaps, a tendency to diarrhea of a bilious char- 
acter, with loss of appetite, and gradual loss of strength and flesh Some of 
these cases are distinctly aggravated by quimn, and I have known them cease 
abruptly on withdrawing the diug which had been persistently given in the belief 
that the condition was malarial m its essential nature These cases are spoken 
of as “low fever” and are generally cured by a “change” of any kind, but especially 
by a trip to sea, and it is especially this form of fever, which m Calcutta is 
benefited by a visit to the sandlieads Though very ill-defined, these cases con- 
stitute a distinct type of fever at once recognized when met with 

At the same time Ronald Ross, 6 7 giving a classification of fevers for 
India, under the heading of simple or continued fevers, gives a subhead 
to “fevefr without any concurrent symptoms ” 

Again, m 1898, m his classification of “non-specific fevers of doubt- 
ful causation, piobably climatic,” Crombie* 5 (b) gives four classes, the 
last of which is “low fever ” 

In speaking of the effect of exercise on temperature he says 

And the gradation of symptoms from the mere temporary elevation of tempera- 
ture which invariably accompanies exercise m the hot moist climate of Bengal (I 
have known my own temperature rise to 99 9 F as the result of an hour’s walk 
m the month of August) though a few hour’s febricula or a few days of con- 
tinued fever, up to ardent fever and siriasis, point rather to their being the result 
of a temporary paresis of the heat regulators under the embarrassments of the 
conditions of high temperature and humidity 

6 Crombie, A (a) Presidential Address on the Fevers of India Tr First 
Indian Med Cong, 1894, p 17, (b) The Unclassified Fevers of Hot Climates 
Bnt Med Jour, 1S98, n, CS2, Jour Trop Med,p 128 

7 Ross, R Tr First Indian Med Cong, 1S94 p 382 
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In descnbing this low fevei lie says 

Lou fever is of n distincth different type from the foregoing climatic fevers 
(Nnslia fever, etc ) It is characterized In a peisistcnt low elevation of tcmpen- 
ture of indefinite duration, without am specific sv mptoms, c\cept those traceable 
to the feverish condition itself It begins m-idiouslv with slight malaise and 
anorc\ia Hie tempciatuie ranges from 00 F in the morning to 101 5 F in the 
evening, never falling below 09 F and rarely rising above 101 F, and it may con 
Imue for mam weeks unaffected bv quinin or arsenic, pushed to extreme do=es, 
or by anv other medicinnl treatment, but tisuallv Molding at once to change of 
climate It would appear also to bo due to cnibarinssment of the heat centers, 
because it ceases generallv at once when the climatic conditions are improved bv 
the patient going to the hills or to the sea If it were due to a specific cause 
this would not be the ease If it weie due to a iiiicioorgnnisin m the blood, the 
cessation of the sviiiptoms would not be ns immediate ns happens =o constantly 
with this foim of fever on change of climnlic surroundings 

Manson 8 gives practically the same account of “low fevei as Ciombie 
and speaks of it as “not an unusual one among Euiopeans in the tiopics ’ 

Rogeis 3 description of “low fevei” is piobablv the best in the litera- 
tuie lie has encounteicd it m Euiopeans m the hot damp piovmees of 
Bengal, Assam and Madias His clinical descnplion includes malaise, 
anoie\ia and neivous depiession, with a use of tempera tuie during the 
daily activities to 99 F or 100 F, oi laid} to 101 F, with a leturn to 
noimal during the early morning The fevei may continue tluough the 
next cold season, though, with Ciombie, he finds that a change to a 
higher, diver or colder climate causes immediate abatement of the tem- 
perature Physical examination is negative, although he makes the sur- 
prising statement that “m very long cases some enlargement of the spleen 
may ultimately develop 33 He finds generally a leukopenia with a relative 
increase in the small mononuclear leukocy tes to about 40 pei cent and a 
decrease of the polymorphonuclears to about 50 per cent, but with no 
marked increase m the laige mononuclears Bogeis also suggests f an 
enfeeblement of the heat-regulating mechanism by piolonged strain as 
the essential cause of the excessive diurnal v auction of the body tem- 
perature which occurs 33 He suggests the possibility of a leukocytozoan 
parasite, and cites the experience of Musgrave, Wherry and Woolley 10 m 
Manila His reference to Castellam’s 11 four cases was piobably not 
intended to refer to this class of fevei, as all of these cases were clearly 
infectious, and only one bore any near lesemblance to “low fevei” clin- 
ically, m this case there was severe diarrhea, and a bacillus was isolated 
from the feces which was agglutinated by r the patient’s blood 

8 Manson, Sir P Tropical Diseases, ed 4, p 320 

9 Bogers, L Fevers in the Tropics, ed 2, 1908, p 193 

10 Musgrave, W E , Wherry, W 13 , and Woolley, P G Tropical Splenome 
galy Bull Johns Hopkins Hosp , 1900, x.vin, 28 

11 Castellani, A Notes on Cases of Fever Frequently Confounded with 
Typhoid and Malaria in the Tropics Jour H yg, 1907, vn, 1 
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The description of "low fever” by Chalmers and Castellam 12 seems 
to apply to this infectious fevei of low virulence, rather than to the 
clinical picture as fiist desenbed by Crombie 

In our own cases we have encountered this low fever m persons who 
weie overworked and underfed Our series comprises tlnee men and six 
women It seems to be confined to the most active period of life, between 
the ages of 15 and 40 yeais Our observations on negroes are too incom- 
plete to compare its race incidence Social condition and occupation seem 
to be without effect Ovei strain, mental or physical, is the predisposing 
cause These cases all show loss of weight, a secondaiy anemia of varying 
degiee and poor muscular tone Their time is spent mostly indoors, and 
practically no exercise is taken The caloric value of then diet is always 
considerably below normal, running from 20 to 28 calories per kilo of 
body-weight The usual fatigue symptoms aie m evidence, anorexia, 
nausea, flatulence, constipation or the early morning diarrhea which is 
liable to accompany any condition m which there is low blood-pressure 
(as pellagra, spiue, etc ), headache, vertigo, insomnia, early mental and 
muscular fatigue, backache and aching m the legs and knees 

The physical examination has been uniformly negative There is 
no cough, sputum or night sweats, and all cases showing a positive von 
Pirquet tuberculin reaction have been excluded The throats were gone 
ovei carefully, and all cases m which pus could be squeezed from the 
tonsils have been excluded fiom this series We have found blood- 
pressures ranging from 90 to 115 mm Hg In some cases the pulse-iate 
has been increased Hemoglobin estimations ran fiom 65 to 90 
(Talqviff) In only a few instances were wo able to confirm Rogers 5 find- 
ings o£ leukopenia with lelative mciease m the small mononuclear leuko- 
cytes and decrease m the polymoiphonuelears Plasmodium vivax (the 
only fonn of malarial oiganism occurring m Charlotte) was never present 

The fever cuive itself was the only thing characteristic of the condition 
Contrary to Crombie’s statement, we find with Rogers, that the tempera- 
tuie returns to normal during the night, but contraiy to Rogeis 5 statement 
that the elevation of temperature makes its appearance m the middle of 
the day or eailv afternoon, we find it frequently appeals during the first 
hour after using m the morning, or following the first meal of the day, 
and, furthermore, that the temperature may fall below 99 F and use 
again at any time during the day Usually the daily temperature has 
vaned between 99 F and 100 F , but at times leaching 100 6 F This 
"low fever” geneially appears about June, aftei a months hot weather, 
and continues until the cooler weathei of October, or until a vacation is 
taken In cases that have lecently become "run down it may appear 

12 Castellam and Chalmers Manual of Tropical Diseases, p 7S9 
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Micimns or internal medicine 


latei m the summci, and m clnomo ca c es it may continue mteiruptcdly 
throughout tlie wirtei In some of oui cases it lias recun cd -with gieat 
icgulniity even summei fox a numbei of }cais 

A vacation to the coast or mountains mn) put an end to the “fever” 
at once, but tins is paiticulatlj tiue of a change to tlie higher mountain 
resorts of the state, such as Blowing Bock (delation 4.000 feet), where 
the nights aie cold Foi the =nke of brenti we have tabulated our cases 

We believe that this “low fever' n mnpl) an abnoimal diumal varia- 
tion of the bodv tempeiatuic, due io a tempoiai} instability of the heat- 
legulating mochanmn as dated In Crombic and bj Rogers, this depres- 
sion of tlie hcat-icgulating function being inerel} one expression of a 
geneial functional dcpiession 01 state of chionic fatigue, dependent on 
undei-nuti ltion and o\ci- c tiam, and emphasi/ed especially dunng the 
summer of 1011 b\ the unusual heat 

We shall pioceed to discuss this piopontion 

Bulla 11 gnes the langc of noiinal tcnipciature as fiom 97 2 F to 
99 5 F , the avemge being 9S G F Both Butler and Howell 1 ' 1 state that 
muscular exercise m.i) laise the tempeiatuic nowcll stating that if this 
initial use of lempcinime occurs it n a sign of imperfect h cat icgulation, 
that is, the extia amount of heat thus pioduced is not piomptly gotten 
nd of Beth slate that meals max raise the temperatuie, Butler giving 
ns much as 04 F Wundci licks figuio= as gnen by Adnnu 15 are sub- 
febnle to 100 F, low febnle to 100 F to 101 F modeiatel) fcbnle 101 
F to 103 F , etc 

Heat pioduclion depends on tlie intake of food and on muscular evei- 
cise, heat loss depends on exactions (2 pci cent ), on expired air (3 5 
per cent ) and evaporation of watei fiom the lungs (7 pei cent ), on the 
evaporation of sweat (14 per cent), and on radiation and conduction 
fiom the bod) suiface (73 pei cent ) neat regulation is conti oiled 
mamlv by sweating and ladiation “The control thiougli the vasomotor 
nerves is doubtless even inoie impoitant” (Howell) , that is, dilatation of 
the skin capillanes means lo^s of heat, cold air contracts the skin capil- 
laries and conserves heat Howell sa)s that neitliei heat eenteis nor heat 
nerves have been demonstiated, and fuitliei that, 

Most physiologists pei haps believe that variations m heat production occur, 
as stated above, by alteiations in the intensity of oxidations in the muscles, 
bi ought about by reflex excitation through the motor neive fibeis and that a special 
set of heat fibers does not exist The unconscious icgulation of the body tempera- 
ture is effected chiefly through the following centers 

Heat Dissipation 1 Sweat centers and sweat ncives 2 Vasoconstrictor center 
and vasoconstuctor nerves 3 Respiratory center 

Heat Pioduction 1 Motor nerve centers and motoi neive fibeis to skeletal 
muscles 2 Quantity and character of food as determined by the appetite 

13 Butler The Diagnostics of Internal Medicine, ed 2, 190G, p 107 

14 Howell Text Book of Physiology, 1906, p 828 

15 Adami Pnnciples of Pathology, ed 2, 1 , p 481 
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On the othei hand^ Adami 15 says 

We must with MacAlister, predicate the existence of some central heat-con- 
trolling center legulatmg the (various) heat-producing and heat-dischai gmg 
apparatus, a center which stimulates the former and inhibits the latter m ordei 
to raise the body temperature, and does the reverse m order to lower it 
All that is sure is that within the brain and spinal cord are nerve cells, which 
on stimulation lead, some of them, to mci eased production of heat by the tissues, 
others to increased loss of heat by the body surfaces The wonderful regulation 
of the bodily temperature under ordinary conditions is a stiong indication that 
controlling the production and the loss is one pair or an intimately connected 
system of heat-regulating centers 

As applied to our cases it seems obvious that their increase m tem- 
peiature cannot be due to extra heat production by muscular activity, or 
increased food intake, as both of these functions are diminished, there 
must be, then, imperfect heat elimination This diminished heat dissipa- 
tion is not due to slower respiration, nor to vasoconstriction (there is 
vasodilation) , it must be due then to either diminished radiation and 
conduction, or to imperfect evaporation from the slan, or to both That 
diminished radiation and conduction play a considerable part m this con- 
dition is shown by the fact that these temperatures weie recorded duung 
the hot weather, and m the daylight, and that they returned to normal 
with the advent of cold weather But diminished radiation and conduc- 
tion alone is not a sufficient explanation, for, although the temperatuie 
Tises when the daily activities commence, there is a definite limit m each 
case beyond which this rise will not go What then fixes this limit and 
keeps the temperature below it ? It must be the effect of the body heat 
on the sweat neives, causing reflexly an increased sweating, with con- 
sequent loss of heat H Aron 10 has demonstrated that animals exposed 
to the tiopical sun soon die unless increased evaporation of water counter- 
acts the increased heat absorption He says, “Monkeys exposed to the sun 
m Manila die m a little over one hour because of their limited capacity 
to evaporate water, while man with his well-developed sweat glands resists 
the same climatic conditions for a much longer period without detiiment ' , 
and again, “The more perfect this water evaporation is, the better the 
noimal body temperature may be maintained ” In noting the mfeiionti 
of the white man to the black m effective sweating, he sajs, “It is as yet 
undecided wliethei the result is due to the color, or if the nervous 
regulation of the sweat glands, etc ” He evident!}' eonsideis the 

evapoiation of sweat to be the method of heat regulation, as after exercise, 
eien m tempeiate climates 

In comparing the action of the tropical sun on the skin temperature 
of Filipinos and Amei leans, he says 

10 Aron, H Philippine Jour Sc , Section B , 1911 vi, 12G 
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\ 1W1J1 YES OF 1FTERFAL MED10JKE 

With the white skin tins process (evaporation) takes place more slowly and 
it mu«t be for tins reason tint the brown skm, while absorbing more heat is 
found to lime lower tempernturcs than the white skin under similar conditions 
ihe regulnton apparatus of the brown is more sensitive and works more promptly 
and succosoftiljj 1 J 


f 

n 


Chart 1 — J'fTcct of the unusual heat of the summer of 1911 m producing “low 
fev ei ’ 


In those fatigue cases with geneial loweiing of the functions, dining 
noimnl netmh in the season when radiation and conduction me lessened, 
the bod} ternpeiature is regulated at fiom 99 to 100 -f during the day 
time This phenomenon seems to be due to the lack of sensitiveness of 
the sweating arc to a modciate mciease m the body temperature m these 
individuals and dm mg ordinal} aetnit} tlie threshold of stimulation of 
the sweating arc seems to be raided from 0 5 F to 2 F 
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Charfc 2 — A chart showing the a\erage of morning and evening humidity m 
1911 compared with the twenty years, 1888 1908, by months (These data were 
obtained from the weather bureau office, Charlotte, through the kindness of is 
Atto, Chief Observer ) 


That this depression of the heat-regulating function is merely one 
expression of a general functional depression is easily apparent from the 
case senes That nndernutntion and overstrain were present is also 
apparent from the accompanying cliait, and m the absence of any other 
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demonstiable etiologie factors, these must be considered as the two chief 
causes of this condition The part played by the nnnsnal heat of the 
summer of 1911 can best be shown by Chart 1 

Prom May 1 to Nov 1, 1911, 184 days, there were 131 days above the 
aveiage temperature, thirteen days of average temperature, and forty days 
below the average temperature; from May 10 to October 23, 166 days, 
there were 128 above, ten equal to, and twenty-eight below the average 
temperature 

The seventy of this heat was considerably modified by the low 
humidity, as shown m Chart 2 

The marked benefits to be derived from a change of scene are due to 
a relief from oversti am, and m many instances this is the only treatment 
needed to stop the “fever ” In the more stubborn cases an improvement 
m nutntion is necessaiy before the temperature falls to its usual level, as 
is shown during the winter, when these patients regain their appetites 
and put on a little flesh 

The advantage of removal to high mountain sections over the Pied- 
mont or tide-water regions, we believe, is entirely due to the cold, which 
restores appetite and promptly raises blood-pressure 

In conclusion then, we would point out that m the south we have a 
low fever, oecurmg during the summer months, which is only apparently 
continuous, and which is purely functional 



AN EXPERIMENTAL INVESTIGATION OE THE VALUE OP 
3IEXAMETIIYLENAMIN AND ALLIED 
COMPOUNDS 1 

CURTIS F BURNAM, MD 

HAITI MORI 

Tins stud) uns undei taken to detcunme the capacity of infected 
kidneis to cxuele hcxnmeth} lenannn We had ( ]ust had a small series of 
umlateial kidnoi infections m which large doses of hexamcthjlenamm 
had failed to be of am benefit The fiequent clinical failme of the drug 
it was felt might depend on its inability to pass through such impaned 
oigans At the outset, full ciedcnce was placed m the geneialh current 
valuation set on hexameth} lenannn, i e, when taken b} mouth, it is 
excreted m the mine, bile, paneieatic, s)noual and cei ebrospmal fluids 
m sufficient quantities to be of mailed bactencidal value This con- 
fidence, however, was not sti engtheiicd b) a rather thorough leview of its 
extensive liteiatuie, and peisoual experimental results which quickly 
dev eloped gave still greater uncei taint} Ever since Nicolniei introduced 
it into medicine nearly twenty )cais ago. the efficienc} of the diug has 
been ascribed to its decomposition into foiinaldelijd The authors, how- 
evei, aic quite vague, using such adjectives as, a little, partial and almost 
complete, m descnbmg the extent of this decomposition, and not a few 
hold that hexameth) lenannn is antiseptic itself independent of the forma- 
tion of foimaldeh)d 

Nowdieie has theie been serious endeavoi to ascertain how much hexa- 
methylenamm or foimaldehjd aie picsent m the fluids of the body aftei 
giving the diug by mouth Its acci edited efficiency m the body fluids 
where it has been described, lests first, on a demonstration of the exist- 
ence of either hexamethylenamm or foimaldehyd m the fluid, second, 
on clinical impiovement, and third, on the reduction m the numbei of 
bacteria as shown by the plate-culture methods after its use In my 
personal studies, the seemmgty necessary steps wmre, first, a quantitative 
determination of the amount of hexamethylenamm excreted in the urine 
after giving known quantities by mouth , second, a quantitative estimation 
of the amount of fiee formaldeh) d present, third, determination of the 
bactericidal power of hexamethylenamm, fourth, determination of the 
bactericidal power of foimaldehyd, fifth, determination of the strongest 
solutions of hexamethylenamm and of formaldehyd wdiich can be tolerated 
by the kidneys and other urinary oigans, sixth, a comparison of the 
chemical and clinical findings 


^Manuscript submitted for publication in Archives July 11, 1912 
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The third, fourth and fifth steps proved simple and yielded positive 
results, the details of which follow Great difficulty, however, was met 
at the very outset m connection with secunng suitable chemical methods 
for estimating the amounts of the substances m the fluids Not only were 
the quantitative methods uncertain, but the qualitative piocedures were 
equally unsatisfactory, principally because they reacted identically with 
hexamethylenamm and formaldehyd 

The most delicate qualitative test m use and one which has been 
extensively employed is that of Hehner It consists m adding 5 or 6 
drops of milk to a few e c of the fluid to be tested This mixture is then 
stratified over a reagent made by adding one drop of a 3 per cent feme 
chlorid solution to 100 c c of 99 per cent sulphune acid The presence 
of foimaldehyd or hexamethylenamm is indicated by the slow formation 
at the line of juncture of a deep amethyst ring The color of urme and 
bile senously interfere with the test and requne a prelimmaiy distillation, 
which is accomplished by adding a little sulphuric acid and water, when 
foimaldehyd gas passes off m the distillate 

The objections to this test are two-fold First, that it does not differ- 
entiate between foimaldehyd and hexamethylenamm, and second, because 
of its extiaoidmary delicacy Formaldehyd clearly shows m solutions of 
1 to 1,000,000 and hexamethylenamm m solutions of 1 to 500,000 or less 
This is in the proportion of 1 c c of formaldehyd to 1,000 liters of water 
By the thickness of the ring or the rapidity of its appearance I was 
completely unable to distinguish between solutions of 1 to 100,000 and 
1 to 10,000, nor could I determine from the rmg formation whether 
formaldehyd or hexamethylenamm was the substance present 

Through the valuable assistance of Di H A B Dunning, I was 
fortunate m securing a very delicate test and one which reacts to free 
formaldehyd, but not to hexamethylenamm This test consists m adding 
to the suspected fluid, 3 drops of o per cent aqueous solution of phenyl- 
liydrazm hydrochlond and then 3 diops of a 5 per cent aqueous solution 
of sodium nitroprussid , then an excess of saturated aqueous solution of 
sodium liy droxid It is important that the solution to be tested as well as 
the sodium liy droxid be slightly warmed to a little more than body tem- 
peiature When formaldehyd is present m solutions of 1 to 20,000, or 
strongei, there follows an intense blue color which gradually changes to 
green and then after a few minutes to brown In solutions of less than 
1 to 20,000 the first color is the intense gieen which passes off into brovn 
The test is delicate down to 1 to 150,000 or less When a solution is 
tested and found to be negative as is the case when hexamethylenamm 
alone is piesent, it can be acidulated with sulphune acid heated to 
boiling, cooled off and tested, when the reaction will be positive due to 
the bieakdovn of liexanietlvylenamm into formaldehyd This has yielded 
striking ic suits m the urme the bile the sputum the saliva and the cere- 
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brospmal fluid, and so contradictoiy to the generally accepted beliefs that 
it seemed important to bring them to the attention of the profession I 
have thus been diverted from my original purpose, the quantitative esti- 
mation of the he\ameth}lenamin and foimaldehjd m the urine I have 
at piesent a promising quantitative method for these determinations and 
will embody my findings with it m a later communication 

I wish to present here the results of my experiments m regard to the 
bactericidal powers of liexameth} lenamm and formaldeh} d, the toleration 
of the unnary organs to these substances, the question of the excretion 
of liexameth} lenamm m the mine, the bile, the sputum, the saliva and 
the cerebrospinal fluids In addition to hexamethylenamm, I have 
emplojed helmitol and several other foimaldehjd compounds 

Before taking up the actual findings it seems desirable to give a short 
historical review of the subject 

Hexametlijlenamm is foimcd by the direct action of four molecules 
of ammonia on six of foimaldehjd gas According to the formula 
4N3I 3 -}-6IIC0=(CH 2 ) c !N’ < -f-6H ; :0 It occurs as colorless, odorless crys- 
tals, which are read} soluble m vatei, less so m alcohol It was first 
prepared by Butlerow 1 When acid is added to an aqueous solution there 
is partial decomposition into formaldehyd and ammonia and on boiling, 
complete decomposition Boiling alone partly causes decomposition The 
drug was introduced into medicine as a unnary antiseptic b} Hicolaier, 2 
and has ever qnce enjojc-d wide popularity and extensive use all over the 
uorld It remained as a unnarj antiseptic alone until S J Crowe 3 gave 
it reputation as a gall-bladder and pancreatic disinfectant, and one year 
later 4 5 brought it into its piesent use as a prophylactic and curative agent 
m cerebrospinal infections Armstrong and Goodman c following Crowe’s 
method, introduced it into use as the disinfectant of the sputum m bron- 
chitis, pneumonia, pulmonary tuberculosis and infections of the nose and 
throat After giving it by the mouth, it has been found m the aqueous 
humor of the eye, m the sj-novial and pleural fluids Many clinical con- 
tubutions of a more or less confirmatory nature have been added and the 
use of the substance “as a bactericide” m these conditions has grown 
almost to equal its use as a urmafy antiseptic ' 

TOXICITY OI? HEXAMETHYLENAMIX 

In the rabbit hexamethylenamm is practically non-toxic I have given 
100 grains at a dose, lijperdermicall), without the slightest evidence of 
poisoning This animal weighed 2 pounds, so that the equivalent dose m 

1 Butlerow Liebig’s arm d Cliem u Pliarm , 1860, cxv, 322 

2 Nicolaier Deutscli med Wchnsclir , 1895, No 34 

3 Crowe, S J Bull Johns Hopkins Hosp , 1908, xi\, 109 

4 Crowe, S J Bull Johns Hopkins Hosp , 1909, xx, 102 

5 Armstrong and Goodman Jour Am Med Assn, May 27, 1911 
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the human being of 150 pounds, would be about 18 ounces However, 
there is one marked difference between the human being and the rabbit, 
i e , m the rabbit even on immense doses, there is no decomposition into 
formaldehyd The drug is excreted as hexamethylenamm The toxic 
effects noted m the human being have been hematuria and vesical irrita- 
tion, both due to a liberation of formaldehyd gas m the urine at the 
level of the kidney 

BACTERICIDAL POWERS OP HEXAMETHYLENAMIN AND FORMALDEHYD 

The technic employed was uniform, i e , solutions of varying strength 
of each drug m sterile water were made These solutions were then 
inoculated with the bacteria tested so that a slight clouding of the fluid 
was produced The inoculated tubes were then incubated at body tem- 
perature m periods varying from a few minutes to a week The bacteria 
employed were the colon bacillus, the typhoid bacillus, the bacillus pyo- 
eyaneus, the streptococcus and the staphylococcus aureus 

Hexamethylenamm solutions free of formaldehyd were obtained by 
adding a drop of ammonia to each tube The hexamethylenamm proved 
to have no bactericidal power, the organisms tested all lived m from 5 per 
cent to 10 per cent solutions without any deterioration 

The formaldehyd solutions, on the contrary, proved very bacteiicidal 
A solution of 1 to 100 destroyed all the organisms studied m twenty 
minute^ A 1 to 1,000 solution destioyed all of them within twenty-four 
hours Marked differences m the toleiation toward formaldehyd was 
noted between the diffeient bacteria The most resistant organism was 
the Staphylococcus aureus, and the least resistant, the typhoid bacillus 
A solution of 1 to 5,000 formaldehyd destroyed the typhoid bacillus and 
the streptococcus within twenty-four hours It destroyed the Bacillus 
pyocyaneus witlim fort} -eight hours, and the colon bacillus m four days 
The Staphylococcus aweus was still alive at the end of a week The 
Staphylococcus aureus was completely destroyed m forty-eight hours by 
a solution of 1 to 2,000 formaldehy d Solutions of 1 to 20,000 formal- 
dehyd had little or no effect on any of the organisms except the typhoid 
bacillus and the streptococcus, these were not destroyed at the end of 
four days, but as shown by leinoeulations, were somewhat diminished m 
vitality A 1 to 50,000 formaldehyd solution had apparently no effect 
either in destroying the organism or m inhibiting their growth c 

TOXIC EFrECTS OF FORMALDEHYD 
In dilutions of 1 per cent and less, formaldehyd solution is an irri- 
tant to the skin, m weaker solutions it is not irritant Even year there 
aie a few reports of serious poisonings resulting from accidental or 

G All -were formaldehyd solutions made from a carefully standardized 10 per 
cent aqueous solution of the gas 
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suicidal dunking of founaldch}d solutions In a majontj of the cases 
tlieie aie \iolent gnstro-inlestinal S} mptoms, and m the moie senous ones, 
coma which ma; last se;eial dn}s In the fatal cases, death has resulted 
fiom giadual paial}sis of the caidio-respnatoi} s}stem So far as is 
know n to me, there has ne\ei been a case in the human being of poisoning 
fiom hexameih; lenamm due to libeiation of foimaldelnd m the tissues 
Jacob'on 7 states that dog 5 can take dail) 3 2 gm without 5 enous icsults 
On the othci hand, 1 o c pei kilo is said to be lethal m a single dose 
In a 5 sociation with Dr II A Kelh, I hn;e been using, locally, solutions 
of formaldelnd \aiung m stiength fiom 1-250 to 1-7 500, m tieatmg 
infections in iniious p.uf 5 of the bod; and ha;e nevei noted mi} general 
toxic 5 ;mptoms 

TOLLR VNCI 01 Till U It IN' VltX ORG VN'S TO 1 OIf\[ VLDRIIYD 

Oui method of m;e 5 tigation heie was, fust, to ti} xanous strengths 
of founaldelnd solution in the bladdei, beginning with a ;ei} small 
peicentage and gi actually increasing it Ha; mg found a solutio., 
was well toleiated in the bladdei, it was then miccted into the kidne} 
pel; is through a lenal cathetei Theie aie mniked mdmdual variations 
in the toleiance of the ;esical mucous membiane to formaldeh}d solution, 
and this is independent of the slate of inflammation piesent Of course, 
an acutel) inflamed nladdei is much moie mtoleiant than a healthy 
bladdei In cliiomc cystitis and m health} bladdei s we ha;e found it 
piactical to use solutions ;ar}ing m stiength from 1 to 3,750, to 1 to 
7,500 Occasional!} a bladdei is met with which does not toleiate even 
this weak solution We have had no cases which would not toleiate a 
1 to 12,500 solution of foimaldelnd The kidne} pelvis will tolerate 
solutions as strong as does the bladdei, and we have ne;ei noted any 
lintation m the kidne} itself after an irugation 

The formaldehyd n ligations foi bladder and kidne} infections have 
plowed very effectual They are especially valuable m cystitis, associated 
with ammomacal decomposition of the mine, such as occuis with enlaiged 
prostate oi tumor of the bladdei 

The gall-bladdei toleiates foimaldeh}d leadil} m solutions of 1 to 
3,750 In infected incisions and sinuses, a 2% per cent solution can be 
used without giving undue pam 

A few tests were made with solutions of hexamethylenamin It is not 
at all irritating and can be used in the bladder and kidney m 50 per cent 
stiength without an} ill result, but apparently with no effect on the 
infection 


i Jacobson Beil Klin Wclinschr, 1904, p 114 
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EXCRETION OE HEXAMETHYLENAMIN IN THE URINE 

When given by mouth, hexameth} lenannn begins to appear m the 
urine m fifteen minutes, reaches its maximum excretion m two hours, 
continues to be excieted abundantly for about eight hours, and has, if 
the dose given was not greater than 30 grains, disappeared m twenty-four 
hours After the twelfth hour, the amounts excreted are very small In 
a communication to follow this, I will report more m detail the quanti- 
tative eliminative amounts of hexamethylenamin 

The question of interest here is, how much formaldehyd is present m 
the urine after giving hexamethylenamin by mouth ? As yet, I have not 
sufficiently worked out this question, but can say roughly that m some 
patients it is possible to secure solutions of from 1 to 5,000, and stronger 

important finding was here that on the customary doses, of from 5 to 
10 giams, given three times a claj*, not more than two patients out of ten 
showed any decomposition of the drug into formaldehyd at all This was 
tested out, not only on patients suffering with infections of the urinary 
h L un a series of normal individuals, and on a number of patients 
convalescent fiom opeiations When a patient was found to show abun- 
dant foimaldehjd after a 10-gram dose, it also was found that a 2- oi 
3-gram dose often sufficed to show the breakdown While not more than 
10 pei cent of those examined showed the formaldehyd free after the 
smaller doses, at least 60 per cent showed it when the dosage was made 
from 20 to 30 grains, repeated every four to six hours In a few instances 
m which the foimaldeh} d was not present aftei dosage of 30 grains, the 
quantity was raised to as high as 100 grains at a single dose without 
causing a decomposition of the hexamethylenamin There are some indi- 
viduals who do not bieak down hexameth} lenamm into formaldehyd 
Tins, houevei, is the exception, not the rule 


PLACE OE DECOMPOSITION 

At what point m the unnary tract is hexameth} lenamm transformed 
into foimaldeh} d? In every case m which free formaldehyd was found 
in the bladclei uime and catheterization of the kidney carried out the 
foimaldeh} d was found at the level of the kidnej This fact was estab- 
lished m five successive patients In one patient of this group the blood- 
serum uas examined and found to contain hexameth} lenamm. but no 
foimaldeh} d It is ni} impression that the formaldehyd liberation is due 
to some specific activity of the Tenal epithelium It is, of course impos- 
sible to conceive of free foimaldeliyd m a highly ammoniacal urine The 
urines alkalinity howevei, is normally not due to free ammonia The 
gieatest decompositions have been observed m highly acid urines This 
however is not mvaiiably the ease, and it was fiequently noted that m an 
acid uime there wa= no free formaldeh}d after giving the hexameth} len- 
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amra The same thing holds foi alkaline mine' "With the leaetion 
definitely alkaline, laige amounts of foimaldelnd aie occasionally met 
w ith 

CI IX I CAL OBSLIH ATIONS 

'Hie clinical lcsults obtained ha\e confoimed m men nay with the 
assumption that it is the fice foimaldehyd y\lnch is the effective agent, 
and that it mint be present m fanh stiong solution In not a single case 
has tilde been oldened the slightest lmpioycment Iioin gi\mg hexameth- 
ylenannn when the mine showed hexaniethjlenainin, but no fiee foimal- 
dehjd On the contiaiy, men patient showing fiee formaldehjd has 
shown piompt improvement and a numbei of the very chronic and 
obstinate colon infections haye cntnely cleaied up To obtain this result 
the tieatmcnt m some cases had to be cained over seyeial month 6 

A pertinent example of tins Kind was afforded bv the case of Mrs ECS, 
aged 25>, first seen Oct 20, 1911 'this patient had always been healthy, and had 
had three normal labors In March, 1011, when four months pregnant, she was 
sewed with an attack of renal colic in the left kidney region and two days later 
had a similar one m the right side She was allowed to continue the pregnancy 
and gaye birth to a healthy child m July, 1911 Prom the yen first attack, the 
patient began haying pus and blood m the urine 11ns continued after the labor 
and yyns associated yyith lricgular feycr, marked deterioration of general health 
and great ledtiction in hemoglobin In November, 1911, she had the kidnevs 
cntlietcrircd, functional tests made, and (®ray pictures taken) collargol injection 
of the pelves Ihe results of these examinations yvere to shoyy that there yyas 
bilateral colon bacillus infection of the kidneys, greatlj dilnted pelves, the left 
haying a capacity of 120 cc and the right of 320 The functions of the kidneys, 
hoyyeyer, yyere fairly well mnintamcd, as shoyy n by the plienolsulphoneplitlialem 
test Ten grains of liexametlij lennmin by mouth sufficed to give free formaldehv d 
from both kidnejs At the time of the examination there yyas an enormous 
amount of pus on both sides The patient was started on 120 grams of hexa- 
methylenamin per diem This occasionally caused vesical distress, yyhen the dose 
was reduced By Februaiy 3, the urine had practically cleared of infection On 
that date Dr Kelly suspended and plicated the pelvis of the right kidney On the 
twentieth of the same month a similar operation was carried out on the left side 
The hexamethylenamm was continued during her stay m the hospital A lecent 
examination shows a perfectly sterile urine, free from pus and blood 

THE DOSAGE OE HEXAMETHTLEKAMIX 

The average dose advised for hexamethj lenamin is 7 5 grams, repeated 
tw r o or three times per diem In an occasional case of lrntable bladder, 
even tbis amount causes a sufficient liberation of formaldehyd to produce 
irritation Such, however, is the exception If it does cause irritation, 
free formaldehyd wall always be found and the indication is to reduce the 
dose Tiom what has been said, it is evident that there is no fixed dose 
This is to be obtained by testing the urine and observing the toleration 
of the patient Where 10 grains causes no free formaldehyd liberation, 
the dose should be increased to 20 grains and if there is still none, to 30 
oi 40 grains, repeated every four hours The only toxic effect due to 



CURTIS F BURN AM 


331 


hexameth} lenamin is occasioned by the liberation of formaldehyd m tbe 
urme, and vhen this does not occur, it is safe to push the dose until it 
does appear The first disagreeable symptom m our experience is vesical 
irritability It has always led us to discontinue or dimmish the dose In 
such a case, pushing the dose might easily lead to hematuria We have 
never observed a macroscopic hematuria from the use of hexameth- 
3 lenamin 

The proper treatment is to give a dose just large enough to be under 
that necessary to cause bladder irritation Using this dose, improvement 
will follow so lapidly m most cases that long continuation m the use of 
the drug is unnecessary On the other hand, it is certainly possible to 
keep up the dosage for months without any serious impairment of either 
the general health or of the kidneys 

SOME OF THE PROPRIETARY HEXAMETHYLEN AMHST COMPOUNDS 

The first trade name and one which has been so universally used as to 
have become fixed m the popular mind is urotropm It is, however, sold 
undei various other names, such as f ormm, cystamm, hexamm, etc These 
products are identical with hexamethylenamm and show no variations 
from it m chemical or pharmacologic reaction 

Helmitol, the methylene citrate of hexamethylenamm, also responds 
like the pure drug There is this difference, however. When hexameth- 
ylenamm is dissolved m water no free formaldehyd is formed; when 
helmitol is dissolved m water a considerable amount of free formaldehyd 
is liberated Formaldehyd, however, when taken by the mouth, is not 
excreted through the kidneys When helmitol is taken, its excretion is 
identical with that of hexamethylenamm , 1 e , m some cases, there is free 
formaldehyd liberated, and m others, none 

COMBINATION OF DRUGS WITH HEXAMETH YLEN AMIN 
In the hope that the presence of some other substance m the urme 
would cause decomposition of the hexamethylenamm, a great variety of 
substances have been given with it Am ong these are potassium citrate, 
potassium lodid, sodium benzoate, salol, oil of wmtergreen, etc The 
results have not been encouraging, m no instance has the combination 
been more effective than the pure drug 

OTHER FORMALDEHYD-CONTAINING DRUGS 
Dr H A B Dunning has furnished me with a number of formal- 
deh}d compounds, some of them new ones, some of them have been 
excreted through the kidne3'S as m the case of a compound betv een 
formaldehjd and plienolsulphonephthalem Uone, however, has shown a 
tendency to break down, liberating free formaldehyd This phase of the 
subject is still under investigation 
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The use of liexamethy lenamm m mbbits was earned out m oidei to 
determine its toxicity and its method of excietion Only tluee animals 
were employed The lesults obtained weie identical In the labbit, 
licxamethylenamm is excreted pnmanly and pnncipally thiough the 
kidney’s It is excieted unchanged, and is not bioken down into fonnal- 
dehyd In small doses of fiom 2 to 5 giam*, hy podenmcally, m a 
2-pound rabbit, the excietion is piactieally entnely thiough the kidneys 
When from 30 to 100 giams aie guen at a dose the pnncipal excretion 
is through the kidneys but theie is a laige excietion thiough the bile 
The diug is eliminated as liexamethylenamin, theie being no foimaldehyd 
libeiated The liexamethylenamin does not seem in the least toxic to 
the labbit 

When a labbit is gnen 30 giams of the diug hy podenmcally and then 
killed within an horn the findings m the diffeient tissues aie as follows 
TJi me, large amount, lnle, consideiable amount, ceiebio«pmal si stem, 
tiaces, blood, considerable amount, spleen, lner and kidneys, consideiable 
amount, muscle*, trace, skin, tiace, m no tissue was any free foimal- 
dehyd found These findings m the tissues and bod} fluids of the labbit 
suggested the examination of some of the fluids of the human being wheie 
the diug has been thought to act efficiently 

EXAMINATION Or THE BILE 

I examined m all ten patients with biliaiy fistula Xone of them 
weie getting less than 60 giams a da}, and in one case I gave 100 giams 
at a dose and collected the bile foi twehe liouis The bile in ever} case 
was treated identically 7 , l e, it was diluted slightly with distilled water, 
acidulated until sulplmiic acid, and distilled In every case the distillate 
gave a clear formaldeliyd leaction with Hehnei’s test In not one could 
a trace be found by the test which I have employed 

As a control, I put a solution of 1 to 50,000 liexamethylenamin into 
bile, allowed it to stand an hour and then distilled The piesence of 
formaldehyd was easily deteimmed and theie seemed to be an actual con- 
centration m the distillate 

EXAMINATIONS OP THE SPUTUM AND SALIVA 

In five healthy people I gave liexamethylenamin m 30-gram doses, at 
the rate of 120 grams a day for twenty-four liouis, and then examined 
the saliva By the Helmer test, either liexamethylenamin oi foimal- 
dehyd was found to be present By the phenolhydiazin-sodram-nitio- 
prussid test, neither could be detected 
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In three cases of bronchitis with mucopurulent expectation, exactly 
similar technic was followed with identical results By my test there vas , 
no fiee formaldehyd, and heating and acidulating proved that there was 
no fiee hexamethy lenamm m amount sufficient to give the reaction 

EXAMINATION OF THE CEREBROSPINAL FLUID 

The cerebrospinal fluid was examined m one case through the courtesy 
of Dr Morse, of the Johns Hopkins Hospital staff The patient, James 
B D , aged 45, had normal temperature and no cerebral or spinal symp- 
toms For purposes of diagnosis, some of his cerebrospinal fluid uas 
desired Before the puncture he had been given, for twenty-four horns, 
15 grains of hexamethylenamm every three hours I obtained about 4 c c 
of clear fluid which showed a positive reaction with Hehner’s test, but 
none whatever with the other test, even when boiled and acidulated 

CONCLUSIONS 

These examinations of the bile, sputum, saliva and cerebrospinal fluid 
show that even after rather laige doses of hexamethylenamm, there 
appears m them but traces of the drug, certainly m percentages less than 
1 to 150,000 Whether this tiace is of hexamethylenamm, as seems most 
likely, or of formaldehyd, it is impossible to state, because the only test 
which would show it is Hehner’s which does not differentiate these two 
substances So far as any therapeutic value is concerned, it does not make 
any difference because, as alieady shown, solutions of formaldehyd of the 
weakness indicated, do not possess any antiseptic value I believe, theie- 
fore, that the use of hexamethylenamm for the curing or bettering of, or 
as a piophylactic against, infections of the bile passages, respiratory 
passages and cerebrospinal system is illusory, and cannot possibly yield 
results I have no explanation to offer for the reported clinical and 
bactenologic improvements, for with the exception of the urine, I hare 
not tested this side of the question In the urine the clinical and bac- 
tenologic findings have conformed m every way with the chemical 
findings, viz, only those patients who show free formaldehyd have been 
improved by the drug 

The phenolhydrazin-nitroprussid test is very simple, and when 
applied gives the physician an easy method of determining the dose of 
hexamethylenamm which he should use, and also shows those cases m 
which no results from this drug can be expected 

The test is of value m determining the efficiency of compounds vhose 
value rests on the liberation of free formaldehyd, and it is to be hoped 
that an endeavor will be successful m securing a substance which, when 
taken by the mouth, will be excieted through the kidneys and will liberate 
foimaldeliyd m the mine m every case 
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Although it has its limitations, these ervpenences show that liexameth- 
ylenamm, when pioperly given, m moie than a half the cases of urinary 
infection is of immense value, and at the present time superior to any 
othei ding m common use 

Email), I want to e\piess my giatitude for the enthusiastic support 
and many valuable suggestions gncn me b) Dr Ilowaid A Kelly during 
the progiess of this voile 
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COMPLETE AND PERMANENT HEART-BLOCK FOLLOWING 
THE HSE OF DIGITALIS IN AHRICULAR 
FIBRILLATION 

ALBERT E TAUSSIG, M D 

ST LOUIS 

One of the commonest, as well as one of the most intei estmg, varieties 
of cardiac uregulaiity is that known as auncular fibi illation In this 
condition the auricles, instead of conti acting rhythmically, aie thiown 
into a state of tiemulousness involving small bundles of fibrils 

The walls of the auricle stand in the diastolic position, systole, either com- 
plete 01 partial, is nevei accomplished, the wall, as a whole, is stationary, but 
eaieful examination of the muscle reveals an extremely active condition, it 
appeals to be alive with movement, rapid, minute and constant twitchmgs or 
undulatoiy movements are obseived m a multitude of small areas upon its suiface 
(Lewis) 

% 

The lesnlt, usually, is a iapid and extiemely niegular pulse Fiom 
the turmoil m the auricles a sliowei of impulses passes down the bundle 
of His into the ventneles The weakest of these impulses fail to affect 
the ventricles The stiongei ones, occurring at irregular mteivals, cause 
ventricular systole and lead to the production of what used to be known as 
the pulsus megularis perpetuus (Hermg) or arrhythmia peipetua (Gei- 
liaidt) These terms are not accurate since the condition is occasionally 
compatible with a regular pulse and, while usually permanent, may be 
tiansient (Mackenzie, Hewlett and Barringer, Fox and others) 

The venous pulse, m these cases, is characteristic and from it the 
diagnosis can readily be made The a wave disappears entirely fiom the 
jugular spliygmogram and the same is tiue of the esophageal tracing 
(Hewlett) and the electrocardiogram (Henng) Whenever the diastole 
is somewhat prolonged, a series of fine wavelets may often be seen m the 
venous sphygmogiam (Figs 5 and 6) Mackenzie was at first inclined to 
considei these as artefacts, but since they coi respond m their rate with 
similar waves m the electrocaidiogiam, he now agrees with most other 
obseiveis that there is Teason to suppose them an expression of the auric- 
ulai tiemoi 

While m most cases of auricular fibrillation, the pulse is rapid and 
n regular, it need be neither In his classical monogiapli on Nodal Bradj- 
caidia, Mackenzie has leported a considerable number of cases of this soit 


’Read before tlie Association of Ameuean Physicians, Mav 13, 1912 
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in some o£ m lucli the pulse was slow and irregular, m otlieis slow and 
legulai Gibson, Lewis and otlieis bare repoited similar cases A 
seductnc thorny, m explanation of tins phenomenon, has been advanced 
by Lewis lie eonsideis the oecuiience of a slow pulse m auneular fibril- 
lation to be an expression of an impancd conductivity on the part of the 
aimculo-\ entuculoi bundle If the heait-block is partial/ an occasional 
tiemoi only goes through and cau c es lentneular systole The result is a 
slow and nregulai pulse, sometimes with long pauses If the block is 
complete, the libnilatmg auncles can no longer affect the ventneles The 
lattei establish their own lhjlhm and beat slowl) and regulail) as m an 
oidman case of complete hcaii-block Fi om ilie nature of the case, the 
r ability of this explanation cannot be established in eiery instance But, 
a= Lewis has pointed out, one at lead of Mackenzie's cases strongly 
suppoits this mow The patient, a subject of iheumatic ferei, was known 
to ha\e had impairment of conductmty, m gi eater 01 lesser degree, for 
twche yeais He then suddenly developed slow and megulai action of 
the hen it, with evidence of auricular fibrillation This lasted a week at 
the end of which time both auncles and rentncles again resumed their 
lhrthmic action, but with an a-v internal twice as long as normal Seveial 
months latei the slow and megulai pulse, with auricular fibrillation, 
returned and theicaftei peisistcd Gibson has reported an equally instruc- 
tive case The fust Lacings obtained weie those of ordinary partial 
heait-tdoek, with an amiculai rate of 16S and a rentnculai of 42 On 
one occanon auricular fibrillation set m, with an megulai but still phe- 
nomenally slow pulse A post-mortem examination revealed an increase 
m the fibrous tissrre of the a-v bundle with wide separation of the fibers 
composing it Lewis and Mack hare reported n case of aunculai fibrilla- 
tion m which the rentncles beat regulail) at a rate of SO per minute 
Br means of the dectrocardiogiaph they showed that the impulses from 
the fibnllalmg auncles were not transmitted to the ventricles and that the 
impulse 5 ! originating the rhj thm of the lattei started at a point in the 
ventncular wall not fai removed fiom the auriculo-ventncular ring 
There is thus good leason to suppose that the slow' pulse occasionally seen 
m auneular fibrillation is due to partial 01 complete heart-block, as the 
case may be 

Mackenzie has shown that digitalis slows the pulse fai moie readily 
and to a far greater extent m aunculai fibnllation than m an) other 
cardiac condition, with the exception of cases of paitial heait-block This 
phenomenon can readily be observed by anyone who studies this condition 
Lewis was the first to suggest the theory tlmt here , too, the slowing pio- 
duced by the administration of digitalis is due to the production by thi® 
drug of a partial or complete heart-block, thus pieventiug the passage of 
some or all of the fibnllation impulses at the a-v junction 
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It is well-known that digitalis, either tlnough the vagus 01 dnectly 01 
both, often depiesses the conductivity of the bundle of His This is 
especially the case wlieie the conductivity of the bundle has already been 
impaired by some oiganic lesion Thus cases of paitial heait-bloek aie 
ncaily always aggiavated by digitalis and the case of Wmdle, in w Inch 
heait-bloek was apparently pioduced cle novo by the admimstiation of 
digitalis, was one oi iheuinatic mitral disease, m which an impaiinient of 
tbe conductivity of the bundle is not mfiequently found Snmlaih 
Mackenzie has shown that of cases of aunculai fibiillation, those w Inch 
aie of iheuinatic ongm or those m which initial stenosis is piesent, aie 
most susceptible to digitalis It is therefore leasonable to suppose, that 
in these cases i\e have, besides the aunculai fibiillation, a pie-existing 
impaiiment of conductivity and that digitalis heie pioduces its excep- 
tionally gieat retaidation of the pulse by still fuithei depiessmg the 
conductivity of the ahead} oiganically diseased bundle Fuither clinical 
and, if possible, experimental evidence is needed to piove the validity of 
this theoi} m all cases It is believed that the second case, to be lepoited 
below, may be of value m this connection 

In all cases tilth ei to lepoited, m -which digitalis has slowed the pulse 
m aunculai fibiillation, the action of the chug has been tempoiaiy Even 
when the slow, legulai pulse of complete heait-bloek has been pioduced, 
a discontinuance of the chug has been followed by a letnin of the lapicl, 
megulai pulse chaiactenstie of uninfluenced aunculai fibiillation That 
this need not alwais be the case, it is the object of this communication to 
show It would seem, from the two cases to be 1 elated below, that occa- 
sionally the depiession pioduced by digitalis m the conductivity of the 
diseased bundle rna} lesult m a pennanent injury to the lattei, leading to 
the pioduction of a complete and pennanent heait-bloek with its cliaiac- 
tenstic regulai and extiemely slow r pulse They fuithei seem to show that 
this is an eminently undesnable accident, since m both patients the 
condition, aftei the establishment of the complete block, v T as fai woise 
than befoie and death ensued m ten and sixty -foui days, lespectneh 

Case 1 — Male, aged 80 veais No llieuniatism, syphilis oi alcoholism In 
1808 while suffenng fiom a seveie lanngitis, he had a sudden attack of SMicope 
in which he thought he u T as dvmg He felt well the next day, hut soon aftei began 
to ha\e penods of daspnea on slight exeitio n which slowly giew moie ficquent 
and moie seaeie He did not consult a physician but twenty icais later thei had 
become so liaiassing coming on once a month oi oftenei and lasting se\eial dais 
that he letued fiom business Since 1000 he had been moie oi less of an imalid 
weak dispneic with penods of caidiac palpitation and occasion il piecordial 
pain IIis feet and legs became edematous and continued so until I saw him m 
1*1*18 I found him with an enoimousli dilated lieait initial and aoitic leguigi- 
tation , maiked aitenoscleiosis congested and ptotic lnei great edema of legs 
lajnd and megulai pulse, mine scanty with albumin and casts The usual treat- 
ment led to a giadual amelioiation of his samptonis E^r\ few months there- 
aftei he had a i elapse which alwaas Melded piompth to digitalis 
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Jn Apnl, 1 *>10', 1 begin to sluda his pulse with the TiKjuct eaidio sphagmo 
mnph, winch showed the condition to he one of iinuculai iibi illation On June 21, 
Inning been without medication foi some time Ins pulse was mcgulni uei aging 
70 heats pci minute with occasional higcnum and with the jugtihn pulse of auiicu- 
lar filn illation (hig 1) Undei digitalis (digilcn 1 cc tid ), Ins pulse hoc line 
aeia slow (IS pci minute) and ne.nla legulai (1 lg 2) without suhjectne 
lmpioacinent 'ihe digitalis was discontinued but the lieait block pulse pcisisled 
(1'ig 3) (hopping to 53 boats pu nnmite on Tula 3, and continuing unchanged 
until Ins sudden death on .Tula S An autopsa was lefused 



Fig l — Tugulai and uulinl pulse showing anuculu fibrillation uninfluenced 
In digit ills 



Tig o — Apea. heat and ladinl pulse aftoi a week of digitalis Note tvpical 
bent block pulse 7 lie megiiliuita m the second pulse licit is due to a more 
nient of the patient’s li nid 



Fig 3 — Jugulai and ladiil tincmg, one week iftei digit ills w is discontinued 
Ihe jugulai pulse shows aunculai hlnill ition, the indial complete hunt block 


We bate heie, then, a case of aunculai fibi illation in which a modeiate 
dose of digitalis pioduced complete nuuculo-aentiiculai block, the lattei 
persisting until the patient died, ten daj's aftoi the discontinuance of 
the digitalis 

Case 2 — Male, aged 58 ^eais, was admitted to the Washington Umvei sity 
Hospital, seivice ot Di Geoige Dock, on Dec 8 1911 Besides the usual diseases 
of childhood lie had had pneumonia at the age of 2S a eai s and meningitis at 49 
leais Theie was no histoid of i heumatism oi of syphilis, but a definite one of 
long continued alcoholism In June 1910 lie was «eaeielv mjuied about the 
head The accident was followed ha a senes of conaulsions, veiy suggestn r e of 
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epilepsj and learning at megvlai mteivals up to the time of Ins death neaily 
two jeais latei Dining some of tliese lie bit his tongue and othenvise mjuied 
linnself In Octobei, 1910, he fiist noticed evidence of cauliac incompetence 
dvspnea and cauliac palpitation vaiying in intensity, but on the whole gioving 
steadily vvoise until he enteied the hospital on Deeembei 8, 1911 At this time 
the heait -was found model ately enlaiged, with evidence of dilatation of the left 
auiicle and veiy megulai action A low -pitched rnuimui v as audible ovei the 
apex, beginning just aftei the second sound and occupying the fiist poition 
of diastole When the lattei wu long, a distinct intei val of silence could be made 
out between the end of the muimui and the beginning of the fiist sound Tlieie 
nns some pulmonaiy edema but none of the feet The livei was not enlaiged 
The maximal blood pi essuie vaned fiom 110 to 140 nun Hg accoiding to the 
stiength of the individual cardiac conti actions, the minimal pi essuie being about 
90 mm The jugulai and ladial tiaemgs shoved the piesence of aunculai fibulla- 
tion (Fig 4), confiimmg the evidence of the muimui which w T as identical with 
that descubed by Mackenzie as chaiaetenstic of mitial stenosis when coexisting 
with aunculai fibnllation 

Digitalis was given, at fiist tentatively but latei, when this seemed ineffective, 
m doses of 1 c c of the tmctuie eveij foui houis No maiked effect was pioduced 
until eight doses had been given Then, at midnight, the lesident, Di Biothei- 
hood, was called as the patient was m convulsions He found the pulse 40 beats 
pei minute with long penods of asystole and oideied the digitalis discontinued 



Fig 4 — Jugulai and ladial pulse uninfluenced by digitalis Aunculai 
(dn illation 

The next day the patient seemed w T eak but was not carefully obsened On the 
following diy, hovvevei, he went fiom one convulsion into auothei, each lasting 
a minute oi tw 7 o, appai entlj accompanied by hallucinations and followed bv a 
bnef penod of confusion Tlieie was no dyspnea oi cyanosis The pulse was veiy 
slow but stiong with fiequent mtei missions, sometimes lasting seveial seconds, 
and veiv suggestive of lieait-block (Fig 5, 0 and 7) It sometimes seemed as 
though a semue veic pieceded bv r an unusuallv long mtei mission but of this I 
was not quite suie It was impossible to feel oi lecoid the pulse dining an attick 
on account of the violence of his motions The cauliac outlines and sounds did not 
diflei fiom those pieviouslv lecoided Atiopm sulphate gi 1/00 hv podemiic illy 
pioduced no effect on the pulse This same dav (Deeembei 20) the patient w is 
tihen home vvlieie I saw him theieaftei at fiequent internals On Deeembei 20 
the pulse w is ncnilv legulai, 20 beats pei minute still with the jugulu puke 
of aunculai fibnllation (Fig S) On the following dav the pulse became entneh 
legulai and fiom this time until his death on Febmaiv 23 the caidnc condition 
"as unchanged 

The pulse lemained veiv slow, vaivmg between 30 and 40 lievfs pei minute, 
outnelv leguln except foi laie exti a-sv stoles many tiacings were taken fiom 
time to tune of which two aie heie lepioduced (Figs 9 and 10) The cmliac 
dulness mil the muimui lemained unchanged From week to week tlie dv-pnen 
lneiev^ed but theie w vs nevei anv evident evanosis J lie com nl-non- cune on 
nequentlv vnd at megulai mteivals the lattei sometimes being a week oi more 
in dm it ion Ivo ditleience in the pulse could be noted between the comul-ne and 
non convulsive penods Fiequent attempts weic made to influence the pul~< ’3 
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sw allowing, pie-.sme on Hie Migi, lnigc doses of ntiopm ami of digitalis but no 
effect could eiei be noted 11 lie blood pi essuie lemained of tbe heart block tape, 
lbe maximal picssme aaciagmg 105 nnn Jig, tbe nnnnnnl Off nun On Pebninrj 
23 lie died, w ltli no change in lus condition except n piogrossiae weakness and 
dyspnea Until a niinute oi two befoie bis deith that is as long as tbe pulse could 
be felt it maintained its slow ngiilai llntlun An nilopsi was peifotnicd a few 
boms aftci deith, In Di O'eoigo Af .Smith of tbe pathologic depnitnient of Wash 
ington Uimersila 



1 ig 


> 




] ig 7 

big*. 5 G and 7 — Tugulai and l ulial pulse 24 bonis iftei digit ilis was discon 
tinned Auiiculai tibi illation 11 he occasional long puise-. hi tween beats are 
suggcstiae of putial heait block In 1 ig 7 two i cognations aie lecoidcd in 
tbe jugnlai juilse dining i pci lod of isi stole During tins and tbe following 
diastole tbe blood picssm e fell so gieath that the collapsing ladml allowed the 
wilting point to leaie the papci 

The following is an abstiact of the pathologic findings a moie detailed 
account of which will appeal elsewheie 

Anatomical Diagnosis — Valwilai disease of the heait, initial stenosis fibious 
maocaiditis Geneial aiteml scleiosis, calcification of pait of aentiiculai sep 
turn causing destruction of auiiculoaentiiculni bundle, edema of lungs chronic 
pleuutis (uglit), clnonic passu e congestion of lungs, liver, spleen anil kidney, 
ascites, poreneeplnlus 

Two sm ill cysts, piobabla caused In old liemoiilmges, weie found at base of 
the occipital lobes Biain otlieiwisc was noimal Sections fiom the coitex of 
the motor aiea showed no changes 

Weight of heart 317 grams Modeiate lia pel trophy of both aentncles Dilata- 
tion of both auricles llnonibus was found in the wall of tbe left auncle Both 
mitral leaflets were much thickened and produced a conti action of tbe mitral 
orifice so that this baielj admitted the tip of the little fingei At tbe base of tlie 
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aoitic leaflet of the initial valve tlieie was a large megulai calcaiec 
extending over into the ventuculai septum This nodule met and pi 
destioyed the aimcnlo-ventiiculai bundle just antenoi to the septum n 
aeeum hefoie the bifui cation of the bundle had oceuired The microscopic 
exhibiting the maximum point of mjuiy showed that meiely a few 1 
muscle fibeis still lemamed The node of ICeitli and Flack contained a 
able amount of fibious tissue 



Fig 8 — The pulse has become compaiatrvely legulai and veiy slow, 
mg ncailj complete lieai t-block As in all the tiaemgs, the jugulai puls 
that the amide is fibiillating 


This case piesents seveial points of mteiest Tiaemgs 5, 6 and 
cleaily to show the onset of paitial heait-bloek following the ai 
tiation of digitalis Tracing 8 shows evidence of neaily complet 
on the following day This, as indicated bv Tiaemgs 9 and 10, 



Fig 9 



Fig 10 

big 15 9 and 10 — Two examples of neaily daih tiaemgs taken betw 
ousel of complete heait block on Decembei 21 and death on Febiuaij 2 
sliow continued aunculai fibnllation m the juguku pulse and evidence < 
plete lieai l block m the ladial 

complete and lemamed peimanent The fact that neithei tagal st 
lion atiopm oi digitalis affected the block, is evidence that the latt 
not functional but oiganie, and tins conclusion is borne out bj the 
ologic findings 

Hie conclusion thus seems justified that we bad heie a heart v 
an.itomicalh nnpaued auiieulo-ientiieulai bundle but one still com 
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its conductnity, administcicd ihe coup <h (pace to the diseased bundle 
and led to it? complete and peimnnent obhteiation It is possible, of 
comse that the block entneh due to the giadual extension of the 
anatomic le=ion of the a-x bundle, x\hirh at this moment happened to 
intei nipt its continuity, at hist ncail\ and then quite completely, inde- 
pendently of the digitalis and that the administration of the lattei yyas 
meiel> a coincidence The fact howeyei, that the phenomenon followed 
the u=e of digitalis m two cases lendeis this hypothesis lose piobable than 
the otliei 

AAliethei the patient's eomulsions y\ ci c due to the biadyeaidia icmains 
pioblematic Some of them weie ceitainh epileptic and poihaps all of 
them weie so It may be that the eeiebial anemia lesulting fiom the 
block stimulated the bi am to the pioduction of an mcieased numbci of 
epileptic sei/uies 

It is a pleasant duty to tlinnk im lionoied chief, I)i Oioige Dock, for pei- 
imssion to lepoit this ease and foi thp iiiIpips( shown du nig its study 
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THE ADRENAL GLANDS AND BLOOD-PRESSURE 


R G HOSKINS, Ph D and C W McCLURE, M D 

COLUMBUS, OHIO 

The fhst significant conti lbntion to the function of the adienal glands 
was made by Addison, when, m 1855, he discovered then 1 elation to the 
disease which beais his name Stimulated by this discover) , Broun- 
Scquaid the following yeai succeeded m demonstrating that lemoval of 
boih glands m an expenmental animal leads to a maiked asthenia of the 
musculai stiuctuies ,of the body such as chaiactenzes Addison’s disease 
In 1895 Olivei and Shaefei showed that adienal extiact has a poyyeiful 
effect on blood-piessuie — a fact that was independently discoveied by 
Cibulski and Szymonowicz It has since been shown that this effect is 
pioduced by extracts of the medullaiy poition of the gland onl) It is 
shaied, hoyvey ei, by extiacts of chiomaffin tissue wheievei found 1 

Piobably the most significant cliscoveiy of lecent 3 ears is that the 
injection of adienal extiact is exactly equivalent to stimulation of the 
sympathetic (thoiacico-lumbai autonomic) neivous system The result 
of such injection depends m an) oigan on its sj mpathetic mneivation 
If it has no sympathetic fibeis no effect is pioduced If such fibeis aie 
piesent the effect is stimulation 01 depiession, depending on which 
function is mediated by these fibeis Emallv, m an oigan m which sym- 
pathetic impulses aie mfiequent the injection has conespondinglv slight 
efiect 3 Recent leseaiclies at the HaivaicI Medical School" have shown 
that duimg penods of paiticulai stiess the aclienals aie stimulated to an 
augmented secietion which lemfoiees the sympathetic activity cliaiactei- 
lstic of such penods In cats under the influence of angei 01 feai 
paitial asphyxia and stiong sensoiy stimulation epinephiinenna has been 
demolish atecl 

The idea vei) geneiallv obtains that an nnpoitant function of the 
cliiomaffin tissue is to maintain a constant tome actmty 111 the sympa- 
thetic system "Whether, liow r evei such influence is mediated duimg 
penods of oidmaiv quiet existence is questionable The theoiy i= ba=ed 
laigelv on an assumption that minimal quantities of cnculaiimr epi- 
neplinn have an effect quahtatiy T ely similar to that of the compaiafneh 

'"Manustnpt submitted foi publication Juh 10 1012 

*Fiom tlie Laboiaton of Plnsiologv of the Stalling OI 110 Medical College 

1 Foi an excellent detailed ie\ie\\ of the liteiatme on the adieu'll 8 ' ( ‘° 111 

cent Eigebn d Plnsiol 1010 ix 500 

2 Elliott Tom Plnaiol 1005 xxxn 400 . 

5 Cannon and de la Pa? Am Jour Plnsiol 1011 \x \111 04 Cannon wi< 

Ho^kin 8 Am Jour Plnsiol 1011 xxix 274 
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enoimous quantities that ha\e u*uall\ been employed m e\pei lmental 
m\e«tigntions Such an assumption is not necc«anh tine It is possible 
that the tlnct-hold of stimulation is sufficiently high not to be leached by 
the oidman eoneen 1 1 at ion o l cncuhitmg epmeplnm That di/leient 
quantities of epmephnn nun have dificient effects is shown In the fact 
that in the small intestine a stimulating eflect of epmephnn has been 
noted when \en dilute solutions aie used uheieas the effect of stiongei 
solutions is depiescjon 4 5 A cimilai mei'-.al of lcnction lias been noted 
leeentl) In Stewait r ’ when \en dilute solutions aie applied to utcime 
tissue 

In Mew of the fact that the «unpathetie nenou« si stem has an 
impoitant legul.iton influence in Hie so-eallcd “utal functions ’ it is a 
question of considciable moment whethei the adienals aetualh do ha\e 
the assumed tome influence on this c\c{em If =o the Mtal actuities must 
constanth fluctuate with \ai nations m the act n it \ of the glands Any 
diagnosis, then that fails to take them dnecfh into account is to that 
extent inadequate Sinnlaih if the\ hu\e such an impoitant function, 
e\ei\ autopsy should include not onh a caieful micioscopie examination 
of the glands but also a pin Hologic defcimination of the potenci of then 
chiomaffui tissue ]J the tome actiuh of the cimpaihciie si stem does 
depend on these oigan« then functioinmr mu°t be a mapii factoi in the 
pin siologic legiine as well a« in mam symptom complexes 

Tlieie is, howeiei, as picuou c h indicated a possibilih that the 
pecuhai iclationship subsisting between the cluomaflin tissue and the 
sjmpathetic system is of utility onh dining penods of special stiess In 
that eient tlieie would oidmaiih be no piobable cnoi intioduced in 
diagnosis bv a failuie to considei the adienals 

Of the bodily functions conli oiled bx the SMiipathetics blood-piessuie 
is supposedlj r one of the most sensible to epmephnn Foi this leason 
and on account of the ease with which blood-piessuie can be lecoided 
studies of the iclation of the adienals to the synpathcties can well be 
made on the lasomotoi si stem Possibh the two best known facts 

•j 

legal ding the plnsiology of the adienals aie that then deficienc} causes 
vasculai hypotension, while, on the othei hand, miection of epmeplnm 
causes a mailed liypei tension Tlieie aie two possible factois in this 
hypei tension — increased vasoconstnction and augmented heait beat The 
latter factoi is fiequentty masked by a caidiae inhibition mediated bj 
the vagus neive — a leflex leaetion to the mci eased bloocl-piessuie fol- 
lowing vasoconstriction It is not to be supposed, how r evei, that the 
caidiae stimulation is m abeyance, a sinnlai Auisoconstnetion without the 

4 Hoskins Am Joui Physiol, 1912, \\i\, 303 

5 Stewait Joui E\p Med, 1912, \v, 547 
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suppoitmg epmephnn stimulus to the heait yyould lead to a consideiably 
gieatei caidiac inhibition with coirespondmgly smallei elevation of 
piessme 

EFFECTS OF EXPERIMENTAL ADRENAL DEFICIENCY 

A condition of adrenal deficiency' can be obtained expenmentally by 
extupatmg the glands 01 by occluding then cn dilation, these pioceduies 
give a condition of extreme, though not absolute, chiomaffin deficiency 
As to the ultimate effects of such expenments tlieie is no question 
Within a feyv hours to a feyv days tlieie deyelops an asthenia yvlnch is 
dialed bv the musculatuie of the circulatoiy system and leads to extieme 
yasculai hypotension As to the immediate effects, liowevei, the eyidence 
is not concoidant A numbei of mvestigatois have studied the effects of 
tying off the adienal vessels yvlule blood-piessuie yvas being lecoided 
Stiehl and Weiss 0 noted in labbits a. fall of piessuie mimediatelv suc- 
ceeding such ligation, followed by an immediate use when the ligatuies 
yycie leleased But Young and Lehman , 7 peifoinnng the same expen- 
ment on dogs, obseived on ligation but little fall, and that occui led yeiy 
gi actually When the ligatuies yveie leleased tlieie folloyved, in tlnee of 
then eight expei invents, a decided use of piessuie, m tyvo, a slight use 
and in tlnee, no effect Young , 8 yvlio subsequently lepeated the yyoik, 
olneived no significant fall of jnessuie foi hours aftei tying off the 
glands Similai negative lesults have been obtained by Kalin 9 m labbit® 
and by Hoskins and McCluie 10 in clogs 

Tliat cn culatmg epmephnn is quickly destioyed is well knoun If 
theiefoie, the adienals by then secietion exeit a constant tonic influence 
on the sympathetic system, ligating off the glands should lcsult in an 
immediate tail of piessuie The failiue of such a lesult militate® agam®t 
the view tliat a tonic influence exists It is to be noted that in c uch 
oxpeuments the effects of making the occlusions alone aie significant 
Whetliei 01 not a subsequent use occui s yyhen the yessels aie ielea=ed, 
means little Checking the cn dilation m any gnen ca=e might lesult 
eithei in a long continued depiession ot the glands such as occui® m the 
kidney aftei occlusion of the lenal yem, 01 m an accumulation ot 
elaboiatecl secietion Consequently, leleasmg the ye®sels vould not be 
at all likely to lestoie noimal conditions and any effect pioduced y\ould 
not be intelligible 

0 Stiehl and Weiss Aicli f d ges Physiol 1901, Kwn, 107 
7 Young end Lehman Join Plivsiol , 190S, xwmi p li' 

S Young Cited In Vincent (Note 1) 

9 Kahn Arch f d ges Plnsiol 1911 c\l, 210 
10 Hoskins and McClui e Am Joui Plnsiol 1912 w\ 192 
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Anofliei method of imcHiiguling the iclation of flic adienal 5 to blood- 
pi c 55 uic is to deteiinmc at what late cpincpluin nm 5 t lie injected into the 
blood-stic.nn of an animal to cann* .1 minimal me of pie 55 me and 
compaic tin 4 - with the actual late of <-cciction In the adienal gland 5 
Ven little 1 woilc appaicnth ha 5 been clone along tin 5 line but Lew en- 
dow *4 1 ha= oldened that the injection into an expenment.il animal of 
blood I 10111 the adienal \eui 5 at the late at which it noimalh flows has 
no effect on blood-pi e=Miio 1 Tlie pioposed plan of pioccduie at once 
iai=cs 5 e\eial questions What 1 5 the eonceniiation of epineplnin in the 
blood 111 the adienal \eiii 5 ' ) What 1 - the late of blood-flow 111 ihc=eiein c5 
1 = flieie noimalh an accumulation of epineplnin in the blood-stieam 
cufhcienl to maintain a conrentiation aboie the i hi e^liold mine foi 
SMiipathetic stimulation J 

A 5 to the concent] at ion of epineplnin in adienal blood Ehnnann, 11 
using the enucleated fiog 5 ewe a- a to=i object found 111 the labbit a 
a a Hie of 1 1 000,000 to f in 000 000 Wattei man and .Sunt 12 howeiei 
hai me noted that lie=h «eium cause 5 imdiia a i= independent of it 5 epi- 
nephiin content thousrht Ehnnann 5 xaluc* 5 too high Waking sinulai 
detei mmation 5 affei keeping the 5 eium foi twcntx-foui I 10111 5 on ice thee 
found a imdna 5 i 5 coi ie 5 ponding to that of an epineplnin solution of 
1 10 000 000 Tin 5 (hex icgnided a 5 the noimal concentiation Woie 
lecenth O Cnnnoi n with bettci technic using Tiendclenlnug’ 5 fiosr 
pei fusion method ha 5 found epineplnin in plasma fiom the labbit 5 
adienal \eins in concentiation of 1 1 000 000 <0 1 >000,000 Stew ait" 
has lecenth lepoited an instance m which he was unable to detect epi- 
nephim in the adienal blood of a dog 

In 01 dei to aioul as fai as possible abnoimal e\pei uncntal conditions 
we attempted fii 5 t to dcteinnne in the dog somewhat mdnecth the 
adienal output Cannon and de la Pa/ lia\ e dcscnbcd a method of 
obtaining samples of blood b\ nisei ting a flexible cathetei tlnough the 
femoial vein into the \ena ca\a to the adienal icgion We hoped to be 
able to demonsti ate in blood so collected an epineplnin content enough 
lngliei than that of oidman venous blood to peinnt a detei mmation of 
the diffeience Then In allowing foi subsequent dilution in the lieait 
and eonsideimg the late of geneial blood-flow we might calculate the 
rate of epineplnin seeietion But the quantity secieted pioxed too minute 
for detection by the labbit intestine method (descubed helow r ) winch 
w r as used It v r as pioied, howevei, that tlieie is a diffeience of less than 
1 100,000,000 m the epineplnin content of blood fiom the vena cat a at 


11 Ehiminn Aich f Exp^i Path xi Pimm 1005 1\ 39 

12 Watterman and Smit Aicli f d ges Plnsiol, 190S, cwn 198 

13 O’Connoi Aich f exper Pith u Pimm 1910 Km, 101 
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the mouths of the lumbo-aclienal veins and that fiom the femoial vein 
These lesidts indicate louglily that theie is in the aiteiial blood as it 
leaves the lieai t at most, less than one pait of epmephim m 200,000,000 
Being unsuccessful in these attempts, we then made a numbei of 
dnect deteimmations of the epmephim content of the blood fiom the 
lumbo-adienal veins The blood was collected by a method that has been 
used by a numbei of othei mvestigatois The animals veie ethenzed, 
then, while the visceia weie pioteeted by waim towels, the vena cava and 



Fig 1 — Epmephim content of Wood fiom adienal 'ems Segment of lablnt 
intestine beating in 1 Blood fiom femoial vein 2 Blood fiom adieu ll iciii 
3 Adienahn 1 4,000 000 4 Blood fiom adienal lem 5 Adienalin 1 S, 000 000 
0 Adienahn 1 0 000 000 7 Adienahn 1 7 000 000 8 Blood fiom adienal loin 
Blood diluted fom tunes Adienahn solutions in blood fiom fcmoi il 'on Mini 
laih diluted 

aoita vote ligated postenor to the lenal \eins^ the ien.nl 'em 5 ucie heated 
at the lulus of each ladne\ Then an oiled light angle glas= cannula v a 
nisei ted into one lenal \em so as to chain the tena c.na "huh va 
fuialh occluded bv a hemostat antenoi to the mouth 5 of the lmnbo- 
ad lenal lean Caie was taken lo a\oid nias'ainiur the adienal glano 
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r Hic blood tli.it bad collected dining (lie final stage*, of the pioceduie Mas 
caicfulh pieced out llnough the cannula, which was then ele\atcd a few 7 
ccntinietcis to simulate nonnal pie^uie xYftei the 5ena ca\a had 
lehllcd and blood-flow was leesfabhshed thiough the cannula a thiee- 
nnnutes simple was taken foi tests Picmous to this about 25 c c of 
blood wa«* withdiawn fiom the fcmoial \em to *=ene as a “standaid ” 
r J'l e blood m each ea«r wa« defiln mated In beating as it flowed 


Tutu ] — O i n>i r or ]>i\ii»nni\ i now .\nici \ai Otamis oi Dogs 


Dog 1 

Atiglil, 

Kilos 

R ite of 
Blood 
l low 
c c pci 
Minute 

Epmepln in 
Conti lit 

Output pci Dog 
pci Minute* 

Output pci Kilo 
pci Minute* 

I 

A 

wm 

| 8 0 

1 2 500 000 

3 0 

0 3 

B 

■US 

10 

1 2 000,000 

1 5 

0 3 

C 


10 0 

1 I 500 000 

3 5 

0 23 

D 

13 1 

1 21 0 

l 1 ) 000 000 

5 0 

0 37 

E 

] 1 5 

13 0 

1 S 000 000 

1 5 

0 S 

A\ ci 

1 

11 ( 

12 2 

1 t 200 000 

2 3 

0 25 

; 


*7 lie /iguie- ni tin', colmnn iepic«ontcc of 1 1,000,000 solution 


To dctei mine the epinephiin content we emp!o\ed the labbit intestine 
method as pieuoiKh de c ciibcd b\ TToskins 14 r J he method in bnef, 
consists of appl}ing the blood to be tested to a segment oi labbit intestine 
llnthmically beating in defiln mated blood fiom the fcmoial ^ein A 
depiession of the tonus and the ih)thmic actmti oi the segment occms 
piopoitional to the quantity of epinephiin piesent The segment used 
is “catlffnated ’ in each instance In noting the effects of known concen- 
tiations of epinephiin m the “standaid’ blood In the use of the intes- 
tine method bettei lesults aie usually obtained if the blood is diluted two 
to foui times In oidmaiy blood theie is a stimulating substance that 
may act c o stionglv as senouslj to mteifeie with the leaction to epmeph- 
nn Ir the e.xpei linents heicin lepoiled “adienalm ’ (Paike, Da'os 
& Co ) was used as standard epinephiin 

In such expel linents, incidentally, blood must nlwajs be used as 
standaid Much confusion m the hteiatuie has ansen fiom attempts to 
compare blood-sei um oi plasma wnth standaid saline solutions of epi- 
neplmn, thereby ignoiiiig the possible influence on the test tissues of the 
blood itself — effects which in eveij' case aie significant 13 ’ u ’ 15 

14 Hoskins Joui PJiaun and Expei Iheiap , 1911, in, 93 

15 Steivait Join Expei Med, 1911, xiv, 377 Ixalm Munclien med 
Wclmschi , 1912, No 13 
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In Table 1 is summanzed the lesnlts of oui deteimmations of the 
epmephim content of the “adienal” blood The piopoitions mailed fiom 
appioxmiately 1 2,000,000 to 1 8,000,000, with an aveiage of 1 4,200,000 
Tiguie 1 shows the tiacmgs fiom which the estimation m case of Dog 
“B” was made Oui lesults as they stand aie m satisfactoij agieement 
A\ith those of pievious investigates In common Avith those lesults hov- 
evei, they involve two souices of expenmental enoi The blood v a c 
obtained nndei abnoimal piessnie conditions, and was necessanlv col- 
lected dining stiong sensoi) stimulation incident to visceial exposme and 
opeiative tiauma The effects of abnoimal piessnie conditions aie piob- 
lematic, but stiong sensoiy stimulation has been sliOAvn to lesult in 
excessive epmephim secietion * It is altogethei likely, theiefoie, that 
the estimated epmephim content of the adienal blood is highei than 
obtains undei noimal conditions 

Deteimmations of the iate of blood flow m the adienal Aems appai- 
ently have not been made 10 In Table 1 is included the late at which the 
1'lood Avas collected m oui expel nnents It aveiagecl 12 2 c c pei minute 
This iate piobabh 7 only loughly appioxnnates that undei noimal condi- 
tions AYe found an aveiage output of epmephim of appioximateh 2 5 
cc 1 1,000,000 solution pei minute, oi 0 25 c c pei kilo pei minute 
O Connoi, 13 uung the same method of collecting the blood, lias found m 
the labbit an aveiage flow of appioximateh 0 5 cc pei minute The 
conccntiation of epmephim aveiaged about 1 2,500,000 The epmephim 
output, then, aaouIc! be equivalent to about 0 2 cc 1 1,000,000 solution 
pei minute 

An mdnect method of detei mining the epmephim output suggested 
itself, a method which would obviate the abnoimal conditions piev iou-Ia 
mentioned AYe had noted that a ceitain amount of adienalm can bo 
injected into a femoial vein without pioducmg any effect on blood- 
pi essuie This fact can be mteipieted m two vva^s eithei the noimal 
output fiom the animaVs own adienals is below the thieshold value neees- 
saiv to affect piessnie, oi the vasomotoi sj'stem is not sensitive to vaiia- 
t ions m the quantitv of cu dilating epmephim of the magnitude used 
By dnect expei mient it was found that diffeimg effects v\eie pioduced bv 
v filiations m the quantitv injected which weie decidedlv =mallei than 
iho amount lequned to pioduce an initial effect Tigme 2 foi mstam e 
shows tho lesults of injecting vaivmg quantities of 3 500 000 epmephim 
solution into the femoial vein while lecoidmg caiotid pie= c uie the dog 
nas sensitive to vanations of 0 1 cc wheieas 04 cc wa- icqumd to 
pioduce an initial effect Such lesults indicate that the quant it' of 
epmeplmn lionnallv cnculatmg is not sufficient to affect the \ i-omotoi 
svsteni 


10 Bm ion-Oj>it 7 Pci=oml Conumimcition 1012 



ia * c///i ns of i\Ti:itx iL vnnicjxn 

Ti appealed then, lhnl n eompaij=on o) Ihe .mount of epmcphnn 
nece«auh i»-|edcd -while the adieiiaff weie intact to laise to an effective 
\alne the epmeplnm content o| the ciiculaling blood m ith the quantify 
nece^an aftei occlusion ol the adienal vessels would show moie 01 less 
aecmateh the quantit\ piodtnod bv the elands themselves 

Pi oo cod nip on this assumption w ^ made the (Ictci initiation 4 smn- 
inau/od m table 2 Mhil< caiolid blood-pi o*>mii c was being iccoided on 
a slow extension kunogiaph adienalin solution wa« mooted Jiom a buiet 
connected with a cannula in the tonioial coin Tims noinial epmephnn 
dischaige was snnnlated T’lie bin ot was giaduaied to tenths of a cubic 
cent linetci The late ol outflow «a< legnlatcd In an oidmaiv glass stop- 
cock Adienalin in Itmeci 4 solution of 1 100 000 to 1 500 000 was 
emploxcd as the conditions of each (<ise icqiiiied Foi the moie sensi- 
tne animals of ionise the hurhoi dilution was used The puipose was 

Tun 2 — \voi xt oi ]>ini eimix Bi qi iri i> ion Minim w Timer ox- Broon 



* J lip a giues in Hus column iej)ic c ont cc of 1 1 000 000 solution 
, “0’=kss tli in 0 1, tlie limit of scnsitivcmVB of te«t 


to use a solution sufficient! \ com ent i ated to avoid the iiv)eetion of signifi- 
cant quantities of fluid and sufficient Iv dilute to peinut icadv contiol 
of the iale of epmephnn infection Foi convenience, the solutions aie all 
expiessed in the table as 1 1,000,000 The solution was fieshfy piepaicd 
m each instance pisl befoie use In-jections weie made at vaiious lates 
at shoit mtenals until the minimal quantitv necessaiv to aftect piessiue 
was detei mined With such dilutions as weie used, theie was no lmpan- 
ment of sensitiveness dunng the expenment IJsuallv the ni]ections weie 
continued foi tlinty seconds The expenmental animals weie ethenzed 
caiefulfy' to avoid excitement, and the cannulas weie nisei ted with the 
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least feasible tiauma io .noid Mmson stimulation, botli of ■which influ- 
ences 1m e been -hown to cause augmented epmephun di«cluuge 3 Um- 
foi m light anesthesia thiougbout the expenmenl was seemed by causing 
the animal io bieatlie tlnough a iiacbeal tube fiom a AYolfl flask contain- 
ing etliei, be use ol a shoit tube and small flask with laige openings 
dyspnea due to lebicatlnng was acoided 

Aftei the fust deteiinination was made the abdomen wa« opened b\ 
a median incision and while the \isccia weie pioteded In wann towels 
an aneunsm needle earning a double ligatuie was passed clnedh undei 
each adienal Then the hgatuics ucic hi ought up one to the mesial and 
one to the laieial side oi each gland and scemeh tied r l Inis each oigan 
was completeh isolated Caic was taken not to luptuie the adienal 
tissue and thus to libci ate am elahoiated secietion winch murht be 
ie=oibed and uti.ife the lemaindei ol the expeiiinoni The abdomen 
was closed, and altei a lew minutes dola\ to peimit the immediate etlect 
of the opeiation to pa«s oil a -econd ■■me ol infections wa« made and 
the minimal quant ih lequued to ailed pie-«iue again deicnnined 





~ni 




1 ig 5 — Uuoid showing •uwtnuud aumuIui h' jiolen*>ion due to epmephun 
Imoiii i 1) o S c c 1 200 000 ndmnlm m Ilingei *> solution (1 minute) lime, 30 
seconds, piC'Siue, 140 mm 

Fiom Table 2 it appeals that to ailed piessme m the intact animal 

0 42 cc pei kilo of 1 1,000 000 cpinepluin solution was lequued aftei 
occlusion of the adienal icssels 0 03 c c was lequued Undei fnnly nonnal 
conditions, then, the adienal glands had been pioducing as a mavnnuin 
appioxnnateh 0X3 cc 1 1 000 000 solution of epmephun pei kilo pei 
minute These findings indicate that the diieet deteimmations of Table 

1 (0 23 ec pei kilo pei minute) weie as supposed too high These 
lattei findings aie piobablv al c o high m that no allowance was made 
for a possible impanment of sensifneness of the casomotoi system fiom 
the shock incident to tying oft the ndienals Suppoit foi this hypothesis 
is found m the fact that as gieatei facility m peifoinnng the opeiation 
was acquued, the diffeience m quantity of epmephun lequued to affect 
piessuie became continuously smallei The later evpenments of the 
senes indicate a yeiy minute output 
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The data of Table 2 answei the question as to the rate of injection 
necessary to affect the blood-pressure of an epinephrectomized animal 
An average of 0 55 c c 1 1,000,000 adrenalin per kilo per minute was 
required Both Tables 1 and 2 indicate that epmephrm is not secieted 
m quantit) sufficient to produce such effect Table 1 shows a pioduction 
of 0 25 c c and Table 2, 0 13 c c per kilo per minute The very fact, 
however, that epmephrm can be injected into the femoral vein of an 
intact animal without affecting pressuie while the animal reacts differ- 
entially to variations of less magnitude than the quantity first injected, 
seems to obviate any real necessity for answering the question The data 
of Table 2 alone justify a positive conclusion that the adrenals do not 
ordinarily produce sufficient epmephrm to stimulate the sympathetic 
sy stem 

The term affect rather than raise pressure has up to this point been 
used advisedly Early m the researches it appeared that epmephrm is not, 
as ordinarily assumed, primarily a pressor agent The primary effect 
of epmephrm administered m doses gradually transcending ordinary 
physiologic limits is depression Figures 2 and 3 show the characteristic 
effects of minimal quantities of adrenalin The first effect to appear is a 
brief, inconsequential rise followed by a subnormal pressure and a grad- 
ual return to normal while the injection continues (not shown m tracings 
reproduced) If the dose is slighly larger the subnormal pressure per- 
sists until the adrenalin is discontinued (See Eig 3 ) If the dose is 
slightly further increased a pressor effect appears that may exactly cancel 
the depressor effect and leave the pressure after the initial fluctuation at 
normal level Em ally, with a dose again increased a sustained hyperten- 
sion may be obtained Thus, m one typical instance m which the point 
vas specifically under investigation, although the characteristic primary 
effect appeared with the injection of 3 c c of 1 1,000 000 solution of 
adrenalin per minute, it was not until 17 c c was used that a minimal 
sustained rise occurred The depressor effect of small quantities of 
adrenal extract has been noted from time to time by previous investiga- 
tors, but it has been ascribed to general "depressants” that occur m tissue 
extracts 1 Such an explanation, however, cannot apply to the effects of a 
pure isolated epmephrm, such as was used m these experiments 

As a preliminary note, mention may be made that in a series of 
experiments now under way 7 but not yet completed, considerable evidence 
has been accumulated which indicates that intestinal peristalsis is brought 
to a stand-still by quantities of epmephrm inadequate to exert a pressor 
influence These results, so far as they go, seem to indicate conclusively 
that adrenal secretion cannot be a duct factor m the maintenance of 
blood-pi ensure An oiganism obviouslv could not make use of a mechan- 
ism which, to be effective in other regards, would stop peristalsis 
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SUMMARY 

1 Detummations b} the labbit intestine method indicate a diffeience 
in epmephnn content of the blood of dogs fiom the adienal region of the 
vena cava, and that fiom the femoial rein of le«s than 1 100,000,000 
This loughty indicates an epmephnn conoentiation m aiterial blood of 
less than 1 200,000,000 

2 Similar dcteimmations indicate an epmephrm content of blood 
fiom the lumbo-adienal veins of 1 1 000,000 to 1 S, 000, 000, and an out- 
put of 0 25 c c 3 1 000 000 solution pei kilo pei minute This ralue is 
piobabh lnghei than obtains undei normal conditions on account of the 
sensoij stimulation nccessanty imolved m collecting the blood 

3 Companson of the amount of epmephnn lequired to affect blood- 
pi essuie with the adienals intact with the quantity lequned after occlu- 
sion of the adienal cn dilation indicates as a maximum an epmephrm 
secietion of 0 13 c c 1 1.000,000 solution per kilo per minute This 
value is also piobablj too high 

4 The amount of epmephnn necessan to affect blood-pressure is on 
an aveiage approximate!} 0 42 ee 1 1,000,000 solution pei kilo pei 
minute m the intact animal, and 0 55 c c aftei removing the adienal 
glands 

5 The chaiactenstic piiraai} effect of epmephrm admmisteied 
mtiavenoush is lowering of blood-pressui e 

6 The quantity lequned to cause minimal li) pei tension is several 
times tlii^ quantity, or at least ten to twenty times the amount secreted 
by the adrenal glands 

7 Incomplete data indicate that penstalsis is depressed b} quantities 
of epmephrm inadequate to xaise blood-pi essuie 

8 Adienal secretion is not, therefore, a direct factor m the mainte- 
nance of the tonus of the vasomotor system 

9 It is probable, then, that other actmties controlled by the sympa- 
thetic neivous system aie not directlj dependent on adienal activity 

DISCUSSION 

Realizing the unfortunate profusion of speculative literature on inter- 
nal secretion, it is with some hesitation that we ventuie to discuss fuitliei 
the functions of tlio adienals Attention may be called, however, to cei- 
tam data that seem m tins connection especially significant 

Addisons and Biown-Sequaid’s early work piove conclusively that 
the glands do m some way promote the nutrition of the muscular tissues 
Biedl’s later work, liowevei, makes it appeal probable that this function 
is mediated by the cortical portion of the gland 1 Bata now available 
searcety peimit any deductions as to how this function is brought about 
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Particularly significant, also, seems Elliott’s 2 observation that plain 
muscle deprived of its sympathetic innervation acqunes an mci eased 
irritability to epmeplirin This fact stiongly suggests that the chromaffin 
tissue has a function of compensating for mjuiy of sympathetic fibers 
Thus, aftei sympathetic impulses fail, then place is taken by epmephrm 
stimulation of the nerve-endings 

Becent researches on adrenal control earned on at the Haivaid 
Medical School 3 m connection with such data as this paper affoids, seem 
to indicate that chromaffin secretion is largely a reserve for times of 
special stress Ealta and Priestly 17 have recently shown that the injection 
of large doses of epmephrm leads to an unusual distribution of the blood 
m the body If the organs of an animal under the influence of this 
substance are quickly tied off an excess of blood is found m the lungs, 
brain, liver and kidneys, while the skin, spleen, mucous membianes and 
muscles aie pale That epmephnn strongly inhibits the alnnentaiy canal 
and stimulates the heart is well known During muscular activity tlieie 
is an mci eased blood-flow m the particular muscles involved, brought 
about by local vasodilatoi mechanisms If these local mechanisms be 
efficient to overcome the general constucting effect of circulating epi- 
nephim on the blood-vessels of the muscles, as they obviously must be, 
there would seem to be provided an arrangement to bring about an 
adaptive distribution of the blood favoiable to extreme musculai effoit 
Thus, structures not involved would remain quiescent with a lestncted 
blood-supply while the active muscles, the cential nervous system and the 
eliminative oigans would be extensively supplied Also a resene food- 
supply, the glycogen of the liver, would be freely available to prevent the 
hypoglycemia that would otheiwise quickly ensue 

The Harvard researches , 3 rn connection with Chile’s 18 pi maple of 
“phj logenetic association,” explain how this adaptive mechanism may be 
bi ought mto play During the racial history 7 , anger, fear, 01 pain have 
commonly resulted m combat or flight, either of which makes special 
demands on the musculai system Excessne activity 7 m turn leads to a 
condition of partial asphyxia This condition, as well as the antecedent 
emotion or pam, causes an augmented epmephrm discharge, ulnch m 
fnrn brings about the reactions previously mentioned The hyjiothe'ns 
denves additional support from the fact observed by Cannon Sliolil and 
^ light 10 that feai or anger m a quiescent animal actually does cause a 
condition of liy perglyuemia Macleod , 20 Edie, Mooi and Boaf * 1 and 
otlieis hare noted a similar reaction to asphyxia 

n I alia, and Priestlv Perl klm Wchnschr , 1011, Xo 47 

IS Crile Boston Med and Surg Jour , 1910, clxni, S93 

10 Cannon Shohl and Wright Am Jo-jr Phjsiol 1011, xxis, 2S0 

20 Macleod Am Jour PIiysioI , 1909, xxm 302 

21 Edic Moore and Roaf Biochem Jmir.lOll a, 323 
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Finally, there is considerable evidence that the adienals have impoi- 
tant mleiielations ruth othei organs of internal secietion 22 Jnst vliat 
these relations specifically nie, hover ei, cannot yet he stated 

The data of this papei justify further emphasis of a principle men- 
tioned m a previous communication 4 Studies directed toward the 
elucidation of the phjsiology of the adienal glands must be quaniiiaixvc 
That the effects of epmephnn injection mo} var} qualitatively as veil as 
quantitativel) according to the amount used, is definitel} proved The 
actual effect m any organ is the algebraic sum of the effects on the 
component tissues — tissues w Inch maj have varying thresholds of irri- 
tability and. ma} be affected synergetically, or, as m case of the intestine , 4 
antagonistically The total effect maj var} diametncall}, depending on 
the amount used Ignoring this fundamental principle of pharmacody- 
namics has led to many unjustified conclusions regarding adrenal func- 
tion 1 : In an} case, before any deductions regarding ordinary adrenal 
pli}siology can be made from the effects of epmephnn injections, it must 
he shown that the quantities used are vitlnn plnsiologic limits 

22 For a review of the literature see Hoskins, -Am Jour Med Sc, 1011, c\h, 
’(March and April) 



THE DIAGNOSTIC WORTH OF THE GLYCYLTEYPTOPHAN 
AND THE TRYPTOPHAN TESTS IN DISEASES 
OF THE STOMACH 

A REPORT OF 1,175 CASES STUDIED BY A UNIFORM METHOD 
FRANK SMITHIES, MD 

RO CHESTER, MINN 

The surgeon and the pathologist have shown that when cancer of 
the stomach is diagnosed early that affection is as amenable to treat- 
ment as is cancer m other parts of the gastro-mtestmal tract At present, 
it would seem that early diagnosis rests largely on microscopic exam- 
ination of sections of extirpated tissue Inasmuch as prognosis is 
directly dependent on the pioeess at diagnosis it would appear desn- 
able to elaborate certain diagnostic procedures that might anticipate 
laparotomy findings 

Recently the physiologic chemist has undertaken the investigation 
of biologic problems bearing on clinical medicine Yanous workers, 
notably Muller , 1 Fischer , 2 and Abderhalden 3 have reported that malig- 
nant neoplasmata contain certain peptidolytic enzymes This discovery 
appeared to have clinical value when Neubauer and Fischer 4 announced 
that simple peptids, particularly the dipeptid, glycyltryptopban, were 
hydrolyzed by cancerous ferments In the case of glycyltryptopban, the 
ammo-acid, tryptophan, which is liberated by this cleavage, can be 
recognized leadily m acid solution by the rose-pink color occurring on 
the addition of bromin This reaction forms the basis of the “gtycyl- 
tiyptophan test” for cancer of the stomach, advanced by Neubauer and 
Fischer 

Clinicians generally have disagreed widely on the actual value of 
the test The reaction’s sponsors, together with L}le and Kober’ and 
Vein stem 0 earl} reported enthusiastically on the procedure Later 

‘Fiom the Laboratory of Gastro Enteiology, St Marj’s Hospital Mavo clinic 

‘Manuscript submitted for publication June 19, 1912 

‘Read before the American Gastro-Enterologic Society, Atlantic Citi, June 
3 1, 1912 

1 Muller Ztscl.r f 1dm Med , 1SS9, x\i, 496 

2 Fischer Deutscli Arch f klin Med, 1902, lxxn, 415 

3 Abderhalden Ztschr f physiol Chem , 1909, Ivii, 130 

1 Neubauer and Fischer Deutsch Arch f klm Med 1909, \cm, 

5 Lale and Kober New York Med Jour 1910 xci 1151 

0 \\ein=tein Jour Am Med Assn 1910 1\, 10S5 
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obsenm-s, especially AVai field, 7 Oppenheim, 8 Kohlenbergei 9 and, most 
iceently, Sanfoid and Roscnbloom, 10 declaie that the test is of dubious 
3alue They admit that while certain eases of cancer of the stomach 
undonbtedh give the reaction, many non-mahgnant gastric disturbances 
gne similar tc=t« Factors claimed to influence the reliability of the 
reaction aie swallowed saliva, bactena, bile or blood m the gastric 
extiacts, low 01 absent free hydiochlonc acid and leguigitated duodenal 
contents 

In Octobei, 1911, Weinstein 11 announced that he had improved on 
the Feubauei and Fischei test lie stated that m extiacts from cases 
of caicmoma lentiicuh ihere exist fiee ammo-acids, notably tryptophan, 
and that the lattei can be tested foi dnectl) with bromrn This pio- 
ceduie appeared to lendei unnecessaiy the addition of glycyltry ptophan 
to such gamine contents, with seaich for its cleavage products subse- 
quently This so-called “try ptophan test*’ was claimed as a reaction 
pathognomonic of cancer of the stomach Weinstein did not, however, 
go so far as to c tate yust how earl) m the progress of the disease this 
test could be legal ded as pathognomonic Ceitamly, m the clinical 
cases which he bnefly quoted wdien the tn ptophan test was positive, 
other eudences of cancel weie not lacking Recently Hall and William- 
son 12 and Sanford and Roscnbloom 10 have lecoided observations which 
appear to indicate that Weinstein’s test has even less lalue than m 
their experience, had the glycylti) ptophan test 

The great difference of opinion regarding the practical worth of the 
two tests mentioned led us to make the obseivations herewith submitted 

author’s study 

Fiom October 1, 1911 to May 15, 1912, the Evald test breakfast 
was admimsteied to 1,626 diffeient individuals at St Mary’s Hospital 
(Mayo/Clinic) On the gastric extiacts from more than 1,400 of these 
patients, gl) cy Itry ptophan and tiy ptophan tests were made On 1,175 
diffeient individuals, the gastric extiacts were tested accoiding to the 
modification of the glycyltryptophan and the tryptophan tests recently 


7 Warfield Bull Johns Hopkins Hosp , May, 1911, 150 
S Oppenlicim Deutscli Aicli f klm Med, 1910-11, ci, 293 

9 Kolilenberger Deutscli Aich f klm Med, 1910, xeix, 148 

10 Sanford and Rosenbloom The Arch Int Med , 1912, ix, 445 

11 Weinstein Jour Am Med Assn , 1911, lvii, 1420 

12 Hall and Williamson Lancet, London, 1911, clvxxi, 731 
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suggested by me 13 This modification appeals to have the advantages of 
requuing less of the test ingredients than the Neubauer and Fischer 
method, of being a controlled procedure, and one m which the end- 
reaction may be easily determined It is the purpose of this communi- 
cation to report our expenence with the cases tested by this uniform 
method 

Certain precautions taken m the manipulation of the reaction might 
be mentioned briefly All glassware was boiled m distilled water and 
dried before using The solution of glycyltryptophan employed was 
obtained, m bulk and unopened, dneet from the makers To guard 
against its tendency to crystallize out, m cold solution, the preparation 
was kept m a water-batli at 37 C until used All gastric extracts were 
carefully filtered before testing, and the tests were set up within two 
hours, at the outside, from the time the contents were taken from the 


13 The test is set up as follows 

1 Test-tubes of 10 c e capacity are employed These should he carefully 
cleaned with boiling water and dned inside They are numerically marked for 
identification with a wax pencil Into each test-tube is carefully measured, by 
means of a sterile giaduated pipet, 0 5 c c of the glycyltryptophan solution Five 
cc of the recently secuied filtered gastric extract are then measured by a clean, 
giaduated pipet and poured into the correspondingly numbered test-tubes to which 
glycj lti tophan solution has been already added Two conti ol tubes are used In 
one is placed 0 5 c c of glycyltiyptophan solution and 5 c c of normal salt solution, 
and into the other is placed 5 c c of normal salt solution, without added glycyl- 
trvptophan solution In the entn e series, each tube next receives 0 5 c c of toluol 
(Toluene, Merck) The contents of the tubes are then mixed by mveitmg several 
times The tubes are next placed in a water -bath (an incubator may be used) 
at 37 C for twenty -four liouis 

2 At the expiration of the incubation period, the test-tubes are removed from 
the w ater-batli Clean test-tubes of 10 c c capacity and numbered to correspond 
with the gastric extracts tested, as well as the controls, aie set m racks Into 
eacli of these tubes is measured by means of a graduated pipet, 2 c c of the 
gljeslti-sptoplian-gastric extiact mixture lying below the toluol m the recently 
incubated tubes To each tube aie then added three drops of a 3 per cent glacial 
acetic acid in distilled water solution The tubes are w r ell shaken Bromm vapor 
is allowed to flow into each tube until it appears amber yellow aboie the con- 
tained fluid The tubes aie again shaken Examination by davhght (preferred) 
or bv white artificial light is now made for evidences of the chaiacteristic ro?e- 
pmk loaction between the ammo acid (trvptophan) and the bromm 

Tuptophan Test As suggested bv Weinstein, this is made as routine on 
the fiesh gastnc extracts inasmuch as, occasionally, swallow r ed sain a, amino 
acids regurgitated duodenal contents and the like mav gne the bromm iapor 
reaction befoie incubation or without the addition of a dipeptid such as giver 
triptophan Fne c c of each fiesli filteied gastnc extract are poured into to- 
tubes of 10 cc capacity acidulated with the 3 pci cent acetic acid solution an 
treated with bromm vnpoi as aboie If no characteristic rose-pmk color re-u - 
the tubes aie incubated with the conespondmg specimens that liaie been mlN ® ( 
with glicvltnptoplian solution Foi accurate woik it Ins seemed be-t to u- g 
coier these “trvptophan test’' contents with a laier oi toluol At the one o^i 
twehe twenti four and foiti eight hours note is made of change- m co.or 'U*- 
the-e lesnlts arc conunred with those obtained with the preparation? m 1 10 * r 
‘cnc« Join Am 1 fed .lssn 1912 Ini 100S 
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patients In testing for tryptophan, befoie or after incubation, biomin 
vapor was preferred over broram water It is moie readily controlled 
quantitative!} and permits of bettei color determination All end 
reactions veie read by daylight 


TYPICAL REACTIONS 

When broinin vapor is used foi the detection of ammo-acid (tripto- 
phan), its piesence is indicated, even m small amounts, b} lilac-violet 
to rose-pink shades The color is usuall} a lively one, and appears 
quickly Admixtures of much blood and bile produce, respectively, dirt}', 
biovvnish-yellow and mudd}-gieen to dial) In such, gradations in 
shade are impossible High oiganie acidity often gives rich purple or 
magenta hues Wien the color change is opalescent, with bluish or 
delicate lilac cast, the results maj be classed safely as negative 


RESULTS 

The gioss results of oui observations aie as follows Of 1,175 
gastric extracts fiom individuals with gastnc symptoms, clinically 110, 
or 9 36 per cent, were gl} eyltr} ptoplian positive In the same cases, 
24, or 2 04 per cent, weie tryptophan positive, either before or aftei 
incubation Tables 1 and 2 show, respectivel} the number of positives 
w ith each test, associated vv ith different diseases Tables 3 and 4 respect- 
ive!} consider the clinical and laborator} data 


TABLE 1— -Susemary or Cvses Giving Positive Geycyethyptophan- Test 


Diagnosis No of Cases 

Carcinoma ventriculi 31 

Ulcus ventriculi 9 

Carcinoma of the liver 3 

Ulcer of duodenum 3 

Non maligncnt pylonc obstiuclion 1 
Cholecystitis 11 

Gall-stones G 

Hypochlorliydii i 7 

Achlorhydria 11 


Diagnosis No of Cases 

Aclivlia gastriea ® 

Appendicitis S 

Primary anewi" 3 

Svpluhs — stomach 1 

Various (gastritis, gastric neuiosis 

chrome dianhea, cpilepsv) 10 


Total 


110 


TABLE 2— Summary or Cases Giving Positive Tryptophan Test 


Diagnosis 

Carcinoma ventriculi 
Ulcus ventriculi 
Ulcer duodenum 
Carcinoma of the livei 
Gall stones 


No of Cases Diagnosis °f Cases 

7 Appendix lesions 
3 Various (neuroses, achloihvdm, 

3 artenoselerosis) 0 

1 

3 Total 24 


It will be noted that one of the valuable features of the tables is 
the fact that the majority of the cases exhibiting positive reactions were 
treated surgically, lienee, the contusions derived from consideration of 
the figures returned have a fairly definite pathologic basis 



Table 3 Clinical and Laboratory Data of the Cases Returning Positive 

Glycyltbybtophan Test 
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C15C3 — Leslie 

Gall bladder infect 

46 36 

+ 

0 

0 

+ 

9532 — Graham 

Anemia (post moit ) 

0 

0 

+ 

0 

0 

+ 

01743 — Belangei 

Duodenal ulcer — opi 

86 80 

0 

++ 

0 

+ 

G1000 — Smith 

Gall bladder 

46 40 

0 

0 

0 

+ 

G1795 — Hillis 

Gastritis chi 

14 

6 

+ 

0 

0 

+ 

61857 — ICise 

Carcinoma stom — opi 

0 

0 

++ 

0 

0 


G1802— Eullei 

Gastritis, chr append 

4 

0 

+ 

+ 

? 

+ 

38400— Pew 

Gall bladder infect 

6 

0 

0 

0 

0 

++ 

53228 — Reede 

Gastric neurosis 

18 18 

+ 

0 

0 

++ 

01852— Koss 

Carcinoma stomach 

4 

0 

+ 

0 

0 

++ 


01910 — Graybill 

Carcinoma stomach — op 2 

0 

0 

+ + 

0 

++ 

+ 

01812 — Letoman 

Epilepsy 

10 

10 

+ 

+ 

0 

++ 

01940 — Beck 

Gastritis — clu 

24 

24 

0 

0 

0 

+ 

01802 — Huseby 

Gastric neurosis 

40 

30 

0 

+++ 

0 

+ 

01974 — Longtime 

Gastritis — alcoholic 

0 

0 

+ 

+ 

+ 

+++ 

G2100 — Schaffer 

Carcinoma stomach — opi 

20 

0 

+ 

0 

+ 

j- 

1 

G2171— Plan 

Carcinoma stom opr 

48 

0 

+ 

0 

++ 

+ 

62080 — Haley 

Gastritis — chr. 

10 

0 

0 

++ 

0 

+ 

02089 — Moldenhauei 

Gastric ulcer 

40 

40 

0 

+ 

0 

+ 

02219— Biehl 

Carcinoma stom — opi 

24 

12 

+ 

0 

0 

+ 

02164— Ahlborn 

Carcinoma stom opr 

8 

0 

0 

+ 

0 

++ 

02233— Flick 

Carcinoma liver — expl 

24 

24 

+ 

+ 

0 

4 — h 

G22G0 — Chapman 

Pyloric obstr non-malignant 

40 

32 

++ 

4~ 

0 

+ 

62399 — Baum 

Carcinoma stom — opr 

0 

0 

+ 

0 

0 

4* 

63032 — Kopplow 

Duodenal ulcer — opr 

60 

60 

Tr 

+ 

0 

+ 

G2562 — Dunn 

CaTCino Gall B1 opr 

6 

0 

4* 

4- 

0 

+ 

02066— Warnei 

Gastric ulcer 

28 

28 

Tr 

+ 

0 

4-4- 

37124— Nelson 

Carcm stom recui 

8 

0 

0 

4* 

0 

+ 

01072 — Zielsdoif 

Gall stones — opr 

66 

40 

0 

Tr 

0 

4- 

02870 — Johnson 

Cholecystitis 

10 

0 

Tr 

++ 

0 

+4-4" 

02912 — Erickson 

Chr Ap opi 

22 

18 

Tr 

4- 

0 

+ 

02971 — Maxwell 

Chr Ap opr 

22 

a 

0 

4* 

0 

+ 

02977— Hanson 

Ulcer stomach 

48 

40 

0 

0 

0 

+ 

G302G — Brooks 

Chr Appendicitis 

32 

32 

+ 

4* 

0 

_L 

i 

G3051 — Marian 

Neg Stom Ap 

30 

32 

0 

4* 

0 

+ 

G3093 — Taylor 

Clu Diarrh stom neg 

4 

0 

0 

0 

0 

+ 

03129 — Erickson 

Stom ulcer and G B opi 

32 

30 

+ 

0 

0 

0 

03130— Weech 

Chr App opr 

0 

0 

0 

0 

0 

< 

02099— Wright 

Cholangitis 

0 

0 

Tr 

0 

0 

+ 

03030 — Gladens 

Carcinoma stomach 

s 

0 

0 

0 

a 

-i- 

i 

i 

03241— Berend 

Carcinoma stomach opr 

56 

IS 

+ 

0 

0 

mU 

1 

f 

03292— Glnesnei 

Gastric ulcei 

46 

40 

+ 

+ 

0 

) 

t 

03197 — Smith 

Multiple scleiosis 

20 

G 

0 

~r 

0 

A 

"V 

03335— On en 

Duod ulcer, cholecystitis 

48 

40 

0 

-t- 

1 

0 

A 

*T 

j. 

52034— Rice 

Recurrent Ca stomach 

10 

0 

-i- 

I 

+ 

u 

_t , 

02S7 G — Johnston 

Sypli stom 

0 

0 

0 

0 

0 

> 

03500 — Bra <jon 

Gastritis 

3S 

22 

0 

( 

1 

if 

*) 

1 

03347 — Hanson 

Resect stom c 

0 

0 

+ 

0 
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Arteriosclerosis 

0 

0 

0 

0 

u 
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C3G00 — Lutkc 

Appendicitis — neg 

44 

40 

0 

i 

t 

u 

n 

*_ 

030] 0 — Rant\ 

Appendix and G B opi 

12 

0 

0 

) 

u 

n 

> _ 

63063— Allen 

Ulcer stom opr 

32 

2S 

Tr 


( • 

n 


03630 — Carlson 

Gall stones — opr 

22 

0 

0 

0 

u 


03 tTS — Thompson 

Care stom 

14 

0 

~r 

A 

n 


oiiG34 — McE\ un 

Ulcer stom 

40 

30 

ju 

» 

0 

V 




T mile 3 — Clinical and Laboratory Data of tiie Cases Returning Positive 
Glacaltrattopiian Test (Continued) 
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Diagnosis 

Total 

Audit} 

Fico 

IIC1 
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5 

ja 
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Lactic 

Acid 

Degree of 
Reaction 

G3883 — Bond 

Gall stones — opr 

0 

C 

0 

0 

0 

+ 

04057 — Atol 

Hipochlorhjdm 

8 

0 

+ 

++ 

0 

+ 

04039— Olson 

Achlorhydria 

0 

0 

0 

0 

0 

+ 

01915— E\en 

Hjpochlorhjdrm 

4 

4 

0 

0 

0 

+ 

04270 — Gregg 

Ulcer stom opr 

50 

40 

+ 

0 

0 

+ 

04330 — Schuler 

Care stomach 

14 

0 

+ 

0 

+ 

+ 

043G0 — Berg 

Neurosis 

54 

50 

0 

+ 

0 

+ 

G44S2 — Sinenth 

Care stom resect 

8 

0 

+ 

0 

0 

+ 

04455 — Norres 

Ilvpochlorhydrm 

4 

0 

+ 

0 

0 

+ 

04281 — Seedhug 

Achylia gastr 

0 

0 

+ 

0 

0 

+ 

34078 — Johnston 

Neuroses 

42 

40 

0 

0 

0 

_u 

04877 — Hutchinson 

Cholecystitis 

4 

0 

0 

0 

0 

4 - 

G5179 — Otter 

Appendicitis 

30 

20 

0 

Tr 

0 

+ 

G5229 — Arnold 

Ca stom and lner 

0 

0 

+ 

0 

0 

+ 

05293 — Ahlund 

Achlorlndria 

8 

0 

0 

+ 

0 

+ 

05337 — Verner 

Choice} stitis, appendix 

10 

0 

0 

Tr 

0 

+ 

37SS9 — Gelirke 

Appendicitis opr 

12 

12 

Tr 

0 

0 

+ 

05093— Rule 

Gall stones and appendix opr 

38 

14 

24 

+ 

0 

+ 

22528— Sim (Ter 

Duod ulc opr 

8 

0 

0 

0 

0 

+ 

05703— Gaskill 

Degen gast ulc 

S 

0 

0 

0 

0 

+ 

05835 — Ellnell 

Gen care prim stom 

0 

0 

0 

0 

0 

+ 

G5901 — Hovelsrud 

Care stom 

0 

0 

+ 

0 

0 

+ 

5231— GrafT 

Achlorhydria 

8 

0 

0 

+ 

0 

+ 

05953 — Eaton 

Achlorlndria 

12 

0 

0 

+ 

0 

-U 

00017— Riclue 

Care stom 

30 

0 

+ 

0 

0 

+ 

GG10S — Graham 

Gall stones opr 

S 

0 

0 

+ 

0 

+ 

00225 — Bryant 

Pernicious anemia 

40 

0 

+ 

0 

0 

+ 

04942 — Hester 

Second anemia 

10 

0 

0 

0 

0 

+ 

00314 — Spellman 

Choice} stitis 

30 

30 

0 

+ 

0 

+ 

0G333 — Wickman 

Gall stones opr 

10 

0 

+ 

0 

0 

+ 

GG409 — Bronson 

Achlorlndria 

20 

0 

+ 

0 

0 

+ 

60462 — Bram 

Gastric ulcer 

20 

20 

+ 

0 

0 

+ 

50586 — Carr 

Cancer stom recur 

48 

4S 

0 

0 

0 

+ 

00400 — Stevens 

Achlorhydria 

4S 

0 

0 

0 

0 

+ 

63547 — Harrison 

Cancer stom resect 

12 

0 

Tr 

0 

0 

+ 

00511 — Lane 

Aclilorh} dna 

4 

0 

0 

0 

0 

+ 

i 

00583— Miller 

Cholecystitis 

50 

50 

0 

0 

0 

+ 

6GG44 — Andrew 

Care stom 

12 

0 

0 

0 

0 

+ 

0G7S7 — Leutke 

Achlorhydria 

20 

0 

Tr 

0 

0 

4- 

+ 

60904 — Boe 

Achlorhydria 

34 

0 

Tr 

0 

0 

00855 — Fozenden 

Care stom opr 

26 

26 

+ 

0 

0 

+ 

66804 — Hennessy 

Hypochlorhydria 

12 

12 

+ 

0 

0 

+ 

+ 

+ 

+ 

67000 — Stanley 

Deg gast ulc 

26 

26 

+ 

0 

0 

45833 — Thompson 

Hypochlorhydria 

8 

S 

+ 

0 

0 

67110— McKay 

Cancer stomach 

20 

0 

+ 

0 

+ 

67112 — Rasmussen 

Gastric neurosis 

38 

24 

0 

0 

0 

+ 

67077 — Snyder 

Care liver and spleen 

SO 

80 

0 

0 

0 

+ 

» 

67206— Allen 

Care stom 

14 

0 

0 

+ 

0 

+ 

67295 — VanHook 

Hvpochlorh} dna 

IS 

S 

Tr 

+ 

0 

+ 

i 

G7368 — Tucker 

Care stom 

50 

50 

+ 

0 

0 

+ 

67690— O’Rourke 

Pernicious anemia 

4 

0 

0 

+ 

0 

+ 

67928 — Hayes 

Ca stom P A ( ’) 

14 

0 

+ 

0 

0 

+ 

67562 — Wesslmg 

Gall stone opr 

12 

0 

0 

0 

0 

+ 

67537 — Owmen 

Expl cancer stom 

20 

0 

0 

0 

0 

+ 

67644 — Haggen Achlorhydria 
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Gancei The total number of proven cases of cancer of the stomach, 
primary or secondary, m this series is eighty-seven Of this number, 
thirty -one, or 35 6 per cent, gave positive glycyltryptophan tests, while 
seven, or 8 04 per cent., were tryptophan positive Of the thirty -one 
cases of cancer m which the glycyltryptophan test was positive, the tryp- 
tophan test vas positive but four times In three cases m which the 
tryptophan test was positive, the glycyltryptophan test was negative 


Table 4 — Clinical and Laboratory Data or the Cases Returning 
Positive Tryptophan Test 


Number and Name 

Diagnosis 

>5 

*•* 

- [ 

r-**« 

o 

a 



o 

o 

Cl 508 — Theen 

Stom neg 

•S 3 

O <! 

H 

30 

o 

Cl> 

r-< 

30 

o 

o 

S 

0 

o 

4- 

o 

r~> 

0 

01490 — Fit/slmmons 

Duod ulcer opr 

56 

3S 

0 

0 

0 

01567 — Crane 

Gastric ulcer 

42 

20 

0 

4- 

0 

01552 — -Eldred 

Carcinoma stom mop 

38 

18 

4- 

0 

4* 

62233— Flick 

Carcinoma liver and G B 

24 

24 

4- 

4“ 

0 

02784 — Drecbsler 

Gastric ulcer chn 

12 

12 

4* 

0 

0 

02S7G — Johnson 

Achlorhydria and G B 

10 

0 

+ 

4-4- 

0 

G28G5— Zenk 

Appendix chronic 

24 

18 

Tr 

4~ 

0 

03051— Marion 

Gastric neuiosis 

36 

32 

0 

4- 

0 

03230 — Gladens 

Caicmoma stom (mass) 

8 

0 

0 

0 

0 

03241— Bui end 

Gastric carcinoma, resect 

58 

18 

+ 

0 

0 

03221 — Quinn 

Gall-stone empyema G B 

20 

20 

0 

Tr 

0 

03414— Hanson 

Duodenal ulcer opr 

80 

80 

0 

+ 

0 

03408 — Lynch 

Caicmoma stom opr 

66 

60 

0 

0 

0 

G3G33 — -Allen 

Gastric ulcer elm 

32 

28 

Tr 

0 

0 

03354 — Kissman 

Tabes — euses 

4 

0 

+ 

0 

0 

C35G3— Arms 

Arteriosclerosis Gen 

0 

0 

0 

0 

0 

03530 — Carlson 

Gall stone opr 

22 

0 

0 

0 

0 

04394 — Dai is 

Duodenal ulcer opr 

66 

60 

0 

0 

0 

04294— Thoet 

Carcinoma stom opr 

14 

4 

4- 

0 

4* 

05093— Rule 

Gall stones and append opr 

3S 

14 

+ 

0 

0 

5231-Giaf 

Gastuc ulcer degen post opr 

S 

0 

0 

4- 

0 

5G5SG- Carr 

Cai emoma stom l ecur 

48 

0 

0 

0 

0 

CT112 — Rasmussen 

Gastric neurosis 

38 

24 

0 

4- 

0 

‘Degree of Reaction 
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Of nine gastric ulcers with fair evidence of carcinomatous degoneia- 
tion (of the tspe described by MacCarty 14 ), tuo, or 22 2 pei cent, 
gaie the gly ciltryptophan reaction In these same cases there was no 
positive tiyptophan test If we combine the returns from these case- 
vith those f lorn the specimens of advanced carcinoma, we noie that 
the g]y cy ltryptoplian test is positive m 35 4 pei cent and the fnpfopi . 
m 7 2S per cent, or the glycyltryptophan test is positive approximate > 
fnc times as frequently as is the tryptophan test 
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Gastric Ulcei In none of Hurt} -five operated gastric ulcers (micro- 
scopically caicmoma-free) was the glycyltryptophan test positive The 
tryptophan reaction was obtained once 

Tim ty -nine cases nere clinically diagnosed as gastric nicer Three 
of these (7 4 per cent) nere gly cyltryptophnn-positive, and two (5 2 
pei cent) neie tryptophan-positive 

Duodenal Ulcer Operations were performed on seventy -eight 
patients with duodenal ulcei s Of this number, three (2 6 per cent) 

gave glycyltryptophan and tryptophan tests The} were not identical 
cases and the reactions were not alwnvs associated with low acidit} 
Fifty-seven individuals had duodenal ulcer, clinically One (17 
per cent) was glycyltryptophnn-positive Hone gave the tryptophan 
test 


TABLE C — Tun Relation or Glycylthyptopiian Test to Acidity 



No of 

No of 

Group 

Posi- 

Nega- 


tives 

tives 

Extracts having no ncid- 

lty 

14 

20 

Extracts having no free 

HC1 

52 

31 

Extracts Inning damn- 

ished HC1 

15 

214 

Extracts liav ing normnl 

HC1 

22 

309 

Extracts having inciens- 

cd HC1 

7 

431 

Totals 

110 

1,005 




No of 

No of 

Group 


Posi- 

Nega- 



tives 

tives 

Extracts having 

de- 



creased T A 


S8 

515 

Extracts having 

nor- 



mnlT A 


17 

213 

Extracts having 

in- 



creased T A 


5 

337 

Totals 


110 

1,005 

Extracts having 

lnctic 



ncid 


11 

33 


Othei Gastnc Conditions It has been advanced by Weinstein, 
Warfield, and Sanford and Eosenbloom that positive glycy ltryptophan 
reactions are usually obtained m gastnc extracts exlnbitmg achylia or 
low liydiochlonc acid These reactions are claimed to result from the 
presence of a peptid-splitting enzyme (Warfield) existing m saliva 
Gies 10 thinks that mouth-bacteria may be capable of splitting simple 
peptids under these conditions In order to deteimme the results m 
oui cases from the view point of acidity 7 , we have compiled Tables 5 
and 6 It will be seen that about 60 per cent of the positive glycyl- 
tiyptoplun tests were obtained from extracts showing no free hydro- 
chloric acid, while m an additional 13 6 per cent, the free hy r diochlonc 
acid was low In other woids, nearly three-foui ths of the positives 
occurred m gastric extiacts showing diminished acidity 7 Table 5 also 
brings out the interesting fact that approximately 80 per cent of the 


15 Gies Quoted by Weinstein, Jour Am Med Assn , 1911, B n, 1420 
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glycyltryptophan reactions weie letmned by contents m w Inch the total 
acidity was low 

The support which these figures apparently give to Warfield’s saliva 
ferment-action on peptids is qualified when one considers the negative 
glycyltryptoplian tests m Table 5. Fifty-one of these extracts shoved 
no free hydrochloric acid In 214 extracts the free hydrochloric content 
was diminished The combination of these results demonstrates that 
about one-fouith (24 8 per cent ) of the negatives was associated with 
low free hydrochloric acid It could scarcely be maintained that all 
these extracts were saliva-free Table 3 shows that some of the extracts 
were from cancerous patients Approximately one-half (48 3 per cent ) 
of the negative glycyltryptophan tests were on extracts with diminished 
total acidity. 


TABLE 6 — The Relation of 


Group 

No of 
Posi- 

No of 
Nega- 


tives 

tives 

Extracts having no acid- 

lty . 

1 

33 

Extracts having no free 

HC1 

G 

77 

Extracts having dimm- 

ished HC1 

10 

219 

Extracts having normal 

HC1 

4 

387 

Extracts having increas- 
ed HC1 

i 

3 

435 

Totals 

24 

1,151 


Tryptophan Test to Acidity 



No of 

No of 

Group 

Posi- 

tives 

Nega- 

tives 

Extracts having de- 
creased T A 

17 

5SG 

Extracts having nor- 
mal T A 

2 

228 

Extracts having in- 
creased T A 

5 

337 

Totals 

24 

1,151 

Extracts having lactic 
acid 

2 

42 


A consideration of the relation of the tryptophan test to acidit} is 
of interest Of the positives seven, or 28 9 per cent , of the contents 
contained no free hydrochloric acid In seventeen (75 per cent ) of 
the positives the free hydrochloric acid was diminished or absent. This 
combined figuie is practically identical with that returned by the gl}C}l- 
tnptophan positives, although the percentage of extracts containing no 
free acid is much lower In the tryptophan positives it Mill be c een 
that 75 per cent showed di mi nished total aeiditj as against 80 per cent 
m the case of gh c} 1 tryptophan positives 

Studying the negative tryptophan reactions, we note that m 3^,9 
instances (28 6 per cent) there was absent or diminished free acid, 
uhile m 6S6 cases (SOS pei cent) the total acidity was low There 
figures closely approximate those shown bx the tabulations from t^e 
negative glycyltryptophan reactions 

It vould appear that Weinstein’s contention that his triptophan 
test removes the consideration of contaminating saliva as a c ourre oj 



3G0 


iUGlin US OF INTERNAL MEDICINE 


erioi is not borne out bj our studj I'm ther, the piesenee of negative 
gljcjltnptopban icaction, m <=o laige a percentage of extracts with low 
acidity leads one to the' opinion that the significance of the peptidase, 
said to exist in sain a, as a faetoi in hydioty’zmg glyeyltijptophan added 
to gastnc extiacts, is quite questionable This opinion is substantiated 
I13 voik we bate done on saliva, soon to be reported 

Oigamc Acid Ten pei cent of the positne gtycjltijptophan tests 
weie associated with the piesenee of lactic acid With the exception 
of one, the ca c es weie carcinoma Thirty-thiee negative reactions (3 9 
pei cent ) weie m contents containing lactic acid Eight and one-third 
pci cent of the positne tijpiophnn tests were present m lactic-acid- 
contaimng extiacts ■while foity-two (3 6 per cent) negative triptophan 
contents contained lactic acid It would seem that organic acids have 
little healing on the iclatne \anation of the two tests 


TABLE 7 


(A) Tun Bflatiox- or Bur to Giacvl- 
THirxoriiAN Itst 

Bile Bile 

Groups present absent 

Ghciltnptoplmn positne 39 71 

Ghcjltnptoplmn negative 320 945 

Totnls 339 810 


(B) Iiie Relation* or Bile to Trvpto 
niAX Test 



Bile 

Bile 

Groups 

present 

absent 

Trvptoplian positive 

10 

14 

Triptophan negntne 

349 

802 

Totnls 

359 

81G 


Of the entire numbei of gastric extiacts (1,175) analjzed m this 
senes, foity-four, oi 3 7 pei cent , contained lactic acid the controlled 
XJffehnann test Of the cases pioved to be carcinoma ventnculi, lactic 
acid was piesent m twenty -five (2S 7 pei cent) As we have shown 
m these cases, the gty cj Itryptophan reaction was positive m thirty-one 
(35 6 per cent ) and the trjptophan test m seven (8 04 per cent ) The 
lelatnety low percentage of extiacts containing lactic acid may be 
explained on the basis of eaily diagnosis, many cases being operated on 
befoie marked obstruction and ictention had developed Emerson 10 states 
that m Ins series of cases of caicmoma ventnculi, lactic acid was 
present m approximately 90 pei cent From our expenence, it would 
appear that the gieat majority of his cases were fai advanced and exhib- 
ited maiked ictention High mixed oigamc acidity frequently gives 
confusing TJffelmann reactions 

It has been held that the chyle m gastnc extracts vitiates the glycyl- 
tryptophan test, but need not be considered when making the trjqitophan 
test The presence of bile oi evidencess of tryptic digestion has been 
used as proof that duodenal contents have been mixed with gastric juice 


10 Emerson “Clinical Diagnosis,” 1906 
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The significance of this supposition is shown by analysis of Table 7 
The gastnc extracts weie judged macroseopically as to the presence of 
bile and were also tested by means of the Pettmkofer or the fnmmg 
nitric acid reaction It will be seen (a) that of 110 positive gly cy 1- 
tiyptonhan reactions, thirty-nine (35 4 pei cent) contained bile, of 
1,065 negative reactions, 320 (20 4 per cent ) showed bile, of the twenty- 
four positive tryptophan tests (b), ten (416 per cent) weie m bile- 
eontainmg extracts, while 349 (30 4 per cent ) negative tryptophan 
tests were bile-positive These figures do not demonstrate that the 
tryptophan test is uninfluenced by bile m the extracts It is worth} 
of note that a relatively high number of both glycyltryptophan and 
tryptophan reactions are found m bile-containing chyme 


TABLE 8 


(A) Tun Relation or Blood to Glyc- 

ALTRYTTOrHAN TEST 

Bile Bile 

Groups pi esent absent 

Gl} cylti j ptoplian positive 5G 54 

Glj cylti yptoplian negative 236 829 

Totals 292 883 


(B) Tiie Relation of Blood to Tryp- 
tophan Test 

Bile Bile 


Groups 


present absent 

Tryptophan 

positive 

10 

14 

Ti yptoplian 

negative 

282 

8G9 

Totals 


292 

883 


The effect of blood , tiaumatic or “occult,” m gastnc extiacts has at 
least two points worthy of consideiation with regard to the ghcil- 
tn ptoplian and tryptophan tests Tiaumatic blood of itself gives a 
tan or definitely' red cast to filtrates A color reaction such as we are 
discussing is readily effected by such shades The second point of note 
is the possibility of tryptophan resulting from split digestion products 
of the blood itself, partieulaily m those cases m which there is marked 
gastnc retention with much flora Table S furnishes interesting data 
on the above points In fifty-six (50 9 per cent ) of the glyc}ltr} ptophan 
positive extracts, blood, traumatic or altered, (benzidm test) was present 
Of the glycyltiyptophan negative extracts, m 236 (22 pei cent ) blood 
was demonstrated Of the tryptophan positive extracts, ten (41 6 per 
cent ) contained blood In 282 (24 6 per cent ) tryptophan negatives, 
blood was proved These figures for both tests so closely approximate 
that it does not seem possible to state that advantage lies with either 
The relatively high percentage of positives m extracts containing blood 
should, however, be borne in mind 


SUXOtARY 

The uork submitted makes apparent the following* 

1 In our series moie than one-third of the proved cate- ot cance 
of the stomach save positive give} ltryptoplian reactions, more Jia Tl o 
fourth were lactic-ncid-positive and about one-thirteenth Ot the m. 
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exhibited the tryptophan test Diagnosis of malignant disease of the 
stomach was m each case quite possible, independent of the above chemical 
reactions As a test associated Mith cancer of the stomach, it will be 
seen that m our senes the glycyltiyptophan reaction proved more con- 
sistent than tests for common organic or existing free ammo-acid 
(tiyptophan) 

2 Wlnle gastnc conditions other than cancer exhibit positive glyc}l- 
tnphan reactions, m no single class of disease of the stomach is this 
test obtained so frequently as in cancer This fact is of considerable 
significance chemically and, perhaps, etiologically While cancer of the 
stomach can doubtless be diagnosticated clinically without the gl}eyl- 
tryptophan test, one cannot state that the stud} of this and allied 
leactions Mill pro\e valueless 

3 Our moiIc does not show that the tr}ptophan test is, as has been 
ad\anced, pathognomonic of cancer 

4 Low free li) drochlonc or total acidity is frequently determined 
m gastric contents exhibiting positive gl}c}ltroplian, lactic acid and 
tryptophan reactions One cannot state positivel) that this diminished 
acidity is causative Many cases of low acidit} were negative to the 
above tests 

o Approximately one-lialf of the positive gl}cyl tryptophan and tryp- 
tophan reactions Mere in gastric extracts containing bile and blood 
elements Approximately one-fourth of the negative extracts contained 
blood and bile elements 


I 



AN EXPERIMENTAL STUDY OE RACIAL DEGENERATION 
IN MAMMALS TREATED WITH ALCOHOL 


CHARLES R STOCKARD, Eh D 

NEW TOBK 

It is recognized, by most observers who have studied the subject, that 
alcohol may play an important role m the causation of monstrosities and 
of structural defects predisposing to later disease This view is based 
largely on observations on defective human beings, and the probability 
of its truth is sufficiently established to wan ant fuither careful experi- 
mental analysis 

The quality of an offspring depends on two factors, the perfection of 
the germ cells fiom which it arises and the nature of the environment m 
which it develops Diseased and weakened germ-cells gi\e rise to a 
defective individual under all eneumstances, while perfect geim-cells 
produce a perfect offspring only when the embno develops m a noimal 
or favorable environment These facts may be readily demonstrated m 
lower vertebiates m which the development of the egg is outside the 
mother’s body The egg or spermatozoon m such cases maj easily be 
chemically modified or injured before fertilization, and the embryo itself 
maj be affected m various w ays during its development b} subjecting it to 
unusual surroundings, either physical or chemical In other animals, 
such as mammals, m which the embryo develops internall} , the proposi- 
tion likewise holds true In these animals, however, the problem is more 
difficult to completely anal} ze The reactions of the parental bod} the 
secondary conditions induced by the experimental treatment and other 
sources of error should be fully considered m determining whether an 
effect shown by the offspring is directly due to the applied stimulus or to 
secondary conditions In the lower vertebrates it has been shown that 
guen doses of certain substances induce definite developmental defect- 
Hie defects are directly due to the treatment Is it possible by the 
addition of certain chemicals to the mammalian body to obtain similar 
definite changes m either the germ-cells or the developing embryo ' 

In the present paper I shall endeavor to show that alcohol does act 
dnecth on the geim-cells of mammals to a sufficient degree to ruuh- 
diem incapable of producing normal offspring and further, that sim 
treatment administered to the pregnant female me} likewise act oi r cc 
on Tll * e developing embryo so as to modifa its resulting structure 

^Erom the Anatomical Laboratory Cornell Unner^ita Me<Leal Co i r - 
-manuscript submitted for publication May It* 1012 
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Pnsi to appieciate fully the geneial status of the pioblem it is •« ell to 
considei m a somewhat cntical mannei the liteiatuie pei taming to the 
actions of alcohol and othei substances on the repioductive glands and 
de\ eloping embnos of man and loner animals 

DISCUSSION or LITERATURE 

Theie is an abundant hleiatuie i elating to the effects of alcohol on the 
ofi^pi mg, though little of it is scientifically reliable I have attempted 
to select those cases winch seem mo^t tiu=twoilhy Since we aie moie 
niteiested m the geneial pioblem of the effects of paiental poi=onmg on 
the germ-cells and the enibno m mammal': I hate also collected the works 
relating to injmiou* substances other than alcohol TJie observations and 
statistics on human beings m xaiiou* countnes are reliable only m "o far 
ns they may be substantiated and borne out by controlled experiments on 
loner animals Yet m the liglit of animal experiments many of these 
human lecoids become of suipiismg interest, although few if any of them 
may be accepted entnely as they stand 1 

i rrrci on tiiu male germ-cells 

It is a well known and unn ci sail} accepted fact that alcohol does 
cause changes and degeneiation m many of the body tissues of man The 
question natuially presents itself, ITow, then, can the reproductive tissues 
escape ? Yicloux and Renault hate shown that alcohol has a decided 
affinity for the lepioductne glands In the testicular tissues and the 
seminal fluid an amount of alcohol is soon piesent which almost equals 
that in the blood of a peison liming recently taken alcohol The pio- 
poition of alcohol m the testi c as compaied with that m the blood was as 
2 to 3, and m the ovaiy of female mammals as 3 to 5 The genital glands 
show as gieat an affinity fox this substance as does the neivous system 
From these obscuations it must necessarily follow that alcohol may act 
on the upe speimato/oon shoitly before the time when it fertilizes the 
egg, and since an affected spermatozoon gives use to a defective individual 
we have a piobable explanation foi many of the lecoided defects attrib- 
uted to diunkenness at the time of conception A male, even foi the 
fiist time m a state of acute intoxication, is piobably moie apt to beget 
an abnoimal offspimg by feitihzmg an egg at this paiticulai penod than 
is a non-intoxicated male although a fiequent u^ei of alcohol The experi- 
mental data on the sensitiveness of the spermatozoon and the observations 
on the presence of alcohol m the seminal fluid wanant this i statement 

1 Most of tlie liteiatuie is demoted to considerations of disease and insanity 
statistics and the iannly lecords of degeneiates The data are often collected in 
a careless fashion so that the actual obsci vattons are not always scientifically 
correct though the lecoids me caiefully and fuilv computed 
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Lippich claims to have obsened ninety-seven child] en lesultmg fiom 
such conceptions Only fourteen of these were without noticeable defects 
Eighty-three of them showed various abnormal conditions, tv entj -eight 
veie sciofulous, 1 2 * tlnee had "weak lungs/’ three shoved diffeient ati opine 
conditions, one vateiy biam, four veie feeble-minded, etc Otheis hare 
made similai observations Sullivan reported seven cases of diunkenness 
dm mg conception which are fanly authentic Six of the offspring died in 
convulsions after a few months, and the seventh was still-born 

Thus one finds proof by Nicloux and Renault that alcohol does reach 
the reproductive glands and, theiefore, may affect the egg or speim-cell, 
and observations seem to indicate that this effect expi esses itself m the 
condition of the lesultmg offspring Expenments on lovei animals 
suppoit the probability When the perfectly noimal speimatozoa of frogs 
aie tieated with ^-ray 01 ladium, Bardeen and 0 Hertwig have shown 
that normal eggs feitilized by such spermatozoa all develop abnoimalh 
Todde found that the offspnng from alcoholized loosters were not quite 
noimal and that the roosters did not succeed as well as normally m 
fertilizing eggs 

Combemale, 1888, was the first to experiment on the influence of 
alcohol on the mammalian offspring He treated a dog for eight months 
uith absinthe (11 gi per day per kilo of animal weight) and paned 
this alcoholized dog with a normal bitch Twelve young resulted, two 
vere bom dead, three died within fourteen days and the others died 
betveen thuty-two and sixty-seven days of intestinal catarrh, tubeicu- 
losis, etc In a second experiment both parents were mated while normal, 
then the female was made drunk for twenty-thiee days (2 75 to 5 gi 
absinthe of 72 pei cent pei day per kilo) Of six young thiee weie 
still-born, two had normal bodies though of weak intelligence, vlnle one 
moi ed slovly and was ven stupid The last individual, a female, was 
lafei paired vith a normal intelligent non-alcoholic dog She gave onlv 
thiee \oung, one vas defoimed club-footed with abnormal teeth, the 
second had a patent ductus artenosis and died after fourteen dais, while 
tfie thud was pooih muscled m the lnndei parts and died a few houis 
adei birth Thus the effects m the second generation are as pionounced 
a-' in the fust although neither parent had themselves received any 
alcohol Hie onh cuticism against Combemale's experiments is that an 
ui'iifneient nuinbei of animals was used Dogs often give defective pups 
and these mat have been from pool stock, though such an mterpi etation 
1 ualh not probable and Ins results are supported by subsequent worker 5 

1 - T J Contribution *i 1 etude de la frequence de la tuberculose chc7 

W10 ' DiOse de Pans 1001 Imlmilt found that tuberculo=i= was about 

e mon anione the children of alcoholic parentage as amone those of tubercu- 
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Hodge, in 1S97, obtained similar results Riom one pair of alcoholic 
dogs he obtained twenty-three pups, eight were deformed and nine were 
boin dead, while onl) foui lived In a contiol set foit)-one individuals 
lived, four w r eie defoimed and there were no still-births 

Laitmcn tieated rabbits and guinea-pigs with various doses of alcohol 
and studied chiefly the changes in bod}' conditions as to resistance against 
disea c c toxins, etc. He has also lecoided obsenations on the offspring 
produced b) these animals diuing the expenment He is apparently 
more intei ested m the pioblem of the misuse of alcohol than m the 
scientific stud) of the influence of injurious substances on the offspring 
and in his enthusiasm to pioic the point with extremely small doses of 
alcohol he fails to full) considei both sides of lm own tables 

He used daily do=es of alcohol as small a* 0 1 c c per kilo of animal 
weight This would amount to a small glass (200 cc ) of beer per day 
for an adult man IIi c tables on careful stud) fail to show that so little 
alcohol actually does injine the offcpnng of the treated animals 

With alcohob/ed rabbits Laitinen finds that onh 38 71 per cent of 
the )onng Ii\e, while G1 29 per cent are still-bom or die short]) after 
bn th In the contiol, howeier, onl) 45 S3 per cent lned. while 54 17 per 
cent, more than half, were still-born or died shoitl) after birth The 
animals were kept all together in a general cage and the pregnant females 
were onh separated ehortl) before the )oung leached term This is 
seal cel) an approved method in breeding experiments, and the fact that 
)oung rabbits aie so delicate and are born in a rather poorl) developed 
state makes their cnieful handling necessar) The fact that more than 
half of the control loung dm, 5117 per cent, would indicate the danger 
of drawing conclusions from a death-rate only 7 pei cent higher among 
the offspring of the treated animals 

The case of the guinea-pigs is also indifferent, 7S 26 per cent of the 
contiol young lned, while 21 75 per cent , or a little more than one-fifth, 
of them died The large majority of the )Oung of tieated parents also 
lived, 63 24 per cent , while 37 76 per cent died In both sets more of the 
)oung lived than died Guinea-pigs are ensil) i eared and are born m a 
w r ell~developed condition On the othei hand, m both of the labbit sets 
more of the young died than lived 

Results which I shall record below 7 show that larger doses of alcohol 
do pioduce definite effects on the offspring M) expenments have been 
peiformed m a different manner and from another point of view The 
primary object lias been to legulate or contiol the type of development in 
mammals m a definite fashion as I had succeeded m doing with lower 
vertebrates In these experiments it will be demonstrated that an 
alcoholized male guinea-pig almost invariably begets a defective offspring 
even when bred to a vigoious noimal female 
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Bosch vas the first to study the reproductive glands of alcoholics, in 
1837, and found degeneration of the testicles Lanceieaux descnbed a 
paienchjmatous degeneration of the seminal canals Simmonds (1898) 
found azoospermia m 60 per cent of eases of chronic alcoholism, 5 per 
cent of these men were sterile Kyrle reported three cases of total 
atiophy of the testicular parenchyma m which death had resulted from 
cirrhosis of the liver due to alcohol Kyile attributed the atiophy of the 
testicle to the cirrhosis of the liver and not to chronic alcoholism 

Beitholet (1909) made an extensive examination of the influence of 
alcohol on the histological struetuie of the germ glands, more particularly 
oil the testicles of chronic alcoholics He found testicular atrophy m 
alcoholics with no cirrhosis of the liver Beitholet observed partial 
atiophy of the testicles m the majority of seventy-five chronic alcoholics 
These men died between the ages of 24 and 57 3 ears, the gieatest mor- 
tality being between 30 and 50 years In thirty-seven cases, excluding 
sedulities, a micioscopical examination showed a moie or less diffuse 
atiophy of the testiculai paieneh)ma and a sclerosis of the interstitial 
connective tissue The testicles were small and hard The canals weie 
greatly reduced m size and their lumma obliterated Spermatogonia 
weie atioplnc It was geneially impossible to differentiate spermatoc} tes 
01 speimatids Theie were no dividing cells and no spermatozoa The 
thick basal membrane of the canals was formed of connective tissue 
lamellre vith concentrated spindle cells These conditions with slight 
variations weie found m twenty-four cases Such atrophic structures 
veie alieady present m a drinker only 29 years old In four cases of 
cirihous of the livei the testicular atrophy had not progressed very far 
and speimatozoa were still piesent In five cases the microscopical con- 
ditions were less maiked 

IVhile these appearances of the basal membrane ma 3 r also be observed 
m non-alcoholics, the extreme conditions of atrophy of the testicles were 
onh found m alcoholics Observing the testicles of non-alcoliolics that 
had died of vanous chronic illnesses such as tuberculosis, no atrop hi of 
the testicles or thickening of the membrana propria was found Two 
C: ucli old men of 70 and 91 years still possessed spermatozoa m the canals 
Beitholet concludes that the atropli}’ he has observed cannot be due to old 
age, but is due to the hurtful effects of chronic alcoholism on the repro- 
duce e glands 

Bertholet has also reported an atrophy of the ovary and or a m female 
alcoholics Meicliselbaum has confirmed the observation* of Bertholet at 
hi= institute m Vienna 

Beitholet s obseuations are most important and his drawings bear 
out Ins statements On the other hand it is certain that the chronic 
alcoholic is not so often rendered sterile as his study might lead one to 
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bdie ' c Jucl S m g * r0 ™ ilie statistics it is not raie to find alcoholics with 
Inige families M\ cxpenmcnts on animals ran} not bo of sufficient 
duiation af the picsent time, jet J Inne male guinea-pigs tliat haxe been 
almost intoxicated on alcohol once pel da\ for <n\ daxs a week extending 
oi er a penod of nineteen months Those animals aie clill splendid 
hi coder® Nineteen months of a guinea-pig'^ existence is propoitionallj 
equal to a good fi action of a human life Mam of these annuals have 
been killed and then testicles examined microscopical h and found to he 
norma] In some ca«es x\here a male had failed to succeed m impieg- 
nating the female foi sexeial time 1 :, he was paitialh cash a ted, one testicle 
being taken out In tine cn^e the testicle vas found to be normal and the 
same male has since gixen olfspimg bx other females Oxanes haxe been 
examined m a similar wax, and m no mdiudunl has the alcohol treatment 
caused a xisiblc stnicluial change m the repioductive glands The actual 
plnsiologieal pi oof of the efliciencx of the organs is shown bx the ability 
of all animals to repioduee The important point which I shall show m 
the following panes 1= tliat nltliough there is no \isible structural change 
in the germ-cells nexerfhelcss, the; haxe been modified chemically to an 
-extent sutllcient to onuso them to gixe rise to dcfectixe embnos or 
xxeakened individuals vlncli die sliortl) aftei lnrth 

Schweighofei lias recorded an interesting mdmdual case A noimal 
woman mained a normal man and had three sound childien The 
husband died and she married a drunkard and gaie birth to thiee other 
childien, one of these became a drunkard, one had infantilism, while the 
tlmd was a social degeneiate and dnmkaul The first two of these 
childien contraded tuberculosis, which had never before been m the 
family The x\omnn mained a third time and by this sober husband she 
again pioduced sound children This is an lmpoitant human expenment 
The female was first tested with a normal male and gave normal off- 
spring, when mated with an alcoholic male the progenx weie defective as 
a result of his poisoned condition She was again tested with a noimal 
male and found to be still capable of giving sound ofTspnng A number 
of such cases aie on recoid 

Schweighofei states fiom a ma c s of observations that the ofTspnng of 
di unkaids, themselves of good sound families, show much degeneiacy and 
dcfectne conditions 

Other substances than alcohol seem to act direct!} on the gemi-cells of 
mammals Constantine Paul long ago pointed out that the childien of 
people w-orkmg m lead were often defective He made the interesting 
observation that when the father alone was emploj ed in such work Ins 
children were affected by it 

All of the above experiments and observations refe: more particularly 
to the action of injurious substances on the geim-cells of the male parent 
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This is the crucial pi oof of an effect on the geim cells The ease of the 
female is complex, since the substance may pioduce a geimmal defect by 
acting on the egg, 01 it may also dnectly affect the developing embrjo 
and thus act as an environmental influence on development 


THE FEMALE GERM-CELLS AND THE DEVELOPING EMBRYO 

Herbsffs classical lithium experiments show the influence of salt 
solutions on developing eggs The experiments of J Loeb on flsh 
embiyos, those of Morgan on the frog and my expenments on flsh all 
show the marked influence of inorganic salts and oiganie compounds on 
the development of the embryo I showed that alcohol caused all known 


Table 1 — Effects of Working in Lead 



No of Cases 

No of Preg- 
nancies 

Abortions, Pre- 
matuie Labor, 
Still-Births 

Living Births 

Remarks 

Females showing lead 
poisoning symptoms 

■ 

15 

13 

2 

One of the living chil- 
dren died m 24 hours 

Females working in type 
foundiy, pievioiisly 
had normal pregnan- 
cies 

I 

36 

29 

7 

Four died m first year 

Female m type foundry , 
file piegnancies 

N 

5 

5 

0 

Females woikmg inter- 
mittently , while thei e 

3 

3 

3 

0 

After being away for 

Females with blue line 
on gums, only sign of 
poisoning 

Male alone exposed , 

G 

29 

21 

S 

some time had healthy 
children 

■. ' 

32 

12 

20 

8 died fust year, 4 sec- 
ond year 5 third year 
22 died under three years 

Total 


120 

S3 

37 


gioss abnoi malities of the biara m flsh embnos and also gave all possible 
abnormal conditions of the eyes Other substances such as ether, chloro- 
form, chloibutanol (chloretone), etc, also had a peculiar affinity for the 
dc\ eloping central neivous svstem These substances also act ph) biolog- 
ically on the central nervous s} stem of the adult 

Constantine Paul not only showed the injurious effects of lead on the 
paternal germ-cells but also recorded instructive data regarding the off- 
spring of women working m lead More recent obserrcis bate pointed 
out the frequency of idiocy and other defect* among the children of lend 
workers Adann has tabulated the findings of Constantine Paul as shown 
m Table 1 
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Foiol 'date* that acute alcoholic intoxication affects not onlj the brain, 
but ac Xicloux has shown, the alcohol passes quickly to the cells of the 
testicle 01 oiai} and Bertholet’s obsenations confiim this A conception 
which takes place while the cells are m this poisoned state often results 
m a feeble-minded or degenerate child The facts furnished b) expen- 
ments on the eggs and spcimnto7oa of lowci animals lend the strongest 
support to this idea and theic is no expci imental evidence that can be 
interpicted as opposed to Poiel's statement 

Chronic alcoholics who consume daily ceitam amounts of alcohol 
slow h liijuie then geim cells Bj nitensne use of alcohol these 
cells ina\ actually be killed 01 caused to atiophy This, however, is the 
extieme ca c c and befoie leaching a state of atropli) the cells pass through 
-tanons guide* of defcctneness The stages ma) show' no anatomic 
changes, but then ph}siologic state is indicated b} the defectne individ- 
uals to which the} gne use in dcielopment 

Be//ola found that in Switreiland, in the }eais 18S0 to 1890, there 
were S 190 idiots Most of the idiots weie born in wine districts, and the 
season foi the maximum bn th of such children was nine months after 
the gicat national feasts, indicating, possibly, that idiots were conceived 
timing the peiiod of heauest dunking Scliw cigliofer found the same 
lelationslnp between the season foi the greatest number of still-births 
and the feast seasons in Austria 

Mai tm studied the family histones of eight} -tin ee epileptic girls m 
the Salpetiicic (Pans) Sixty had alcoholic paients, while of the other 
tw ent} -three alcoholism was doubtful or absent m then parents The 
sixty girls fiom alcoholic parentage had 24-1 sisters, of them 132, or 54 1 
pei cent, were dead, foi t} -eight, or 19 7 per cent, had had spasms 
dunng childhood 

Studying the direct anccsti} of 370 insane people, Jenny Koller (in 
1S95) found that theie were twice as many dnnkers as were found m 
the direct ancestry of 370 sound people selected at landom Others 
lune lecoided similar obseivations 

Kail Peaison and Miss Eldeison studied statistically 3,000 school 
childien m England They concluded that the children of alcoholics 
weie often heavier than those of sobei parents, they were also less dis- 
eased, had little epilepsy and tubeiculosis and are actually cleverer in 
school They found, however, a greater mortality among the clnldien of 
alcoholics, especially of female drmkeis, and concluded that only the 
stionger childien lived, and theiefore, then quality was good 

These studies have been widely cuticised, and are probably not based 
on veiy thorough biological obseivations They consider, m the first 
place, only school children It is not known whether the parents were 
diunkaids at the time of, or pievious to the conception The degenerate 
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offspr mg of alcoholics could not entei school The results would doubt- 
less hate been quite different if the inmates of an institution foi defective 
children had been studied The gieat body of evidence fiom anatomic 
studies of the reproductive glands of alcoholics, the animal experiments 
and disease records are all opposed to Peai son's conclusions 

The most valuable study that I have been able to find on the influence 
of alcohol on the human offspring is that of Sullivan m 1899 

Sullivan emphasizes the point that while much effoit has been made 
to record alcoholism in the ancestry of degenerates, the important study 
must be made on degeneracy rn the descendants of well-observed alco- 
holics He studied the alcoholics among the female population of the 
Lit ei pool puson and as fai as possible chose cases of alcoholism that weie 
unaccompanied by disease 01 other degeneiate factors 

Localization of alcoholic lesions m the body are not well worked out, 
yet it is unquestionable that m the ei lminal, as m insane alcoholics, the 
neivous manifestations of the intoxication occur with notable frequency, 
while non-nervons disordeis are laie or secondary Of these alcoholic 
females, thirty-one had had one 01 moie attacks of alcoholic delimim, 
tuenty-four had occasional hallucinations, suicidal impulses, disoideis 
of cutaneous sensibility, and ciamp m the extiennties was noted m a 
considerable number of cases In these patients tissues other than the 
nervous, so fai as examination of the patients themselves could show, 
weie comparatively immune to the poison of alcohol, and this was also 
tiue of then alcoholic relatives 

There weie 100 women m the senes Sullivan observed, and twenty 
of these gave details of female relatnes of di unken habits who had clnl- 
dien To these 120 females weie born 600 children, of whom 265, oi 
44 2 pei cent, lived over two 3 ears, 335, or 55 8 pei cent, died undei 
2 } ears or were still-born Twenty-one of the women observed ga\e 
lccoids of sober relatnes, sisteis oi daughters marned to sobei men 
The twenty -one di unken females had 125 children, sixty-mne or 55 3 pei 
cent, died undei 2 yeais, the twenty-eight sober females bad 138 chil- 
dren, and tbn ty- three, oi 23 9 per cent, of them died under 2 years 
The death-rate of clnldien fiom the drunken mothers was nearly two 
and one-half tunes gi eater than that of the clnldien of then near -blood 
relatnes uho were non-alcoholic The alcoholics lion ever aie poor 
mothers and take little cnie of their children this fact might po=nbh 
act omit foi the entire drficrence though such a deduction m extreme 1 } 
improbable 

The progiesnte Inulw in the alcoholic famih show nitei earner r< 
ord- In enrhtv cases the number of children reached oi c 1 ceded t ; r- ~ 

i'he tabulation fliovs an rncronnngh pom condition The raw-'- of 
i\n> n'diMuuel cimes rniv he men tinned In wet of illrstr >t’ou 
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C.\H' r, 'lines' first children health!, fourth of went intelligence, fifth omlentic 
uhoi M\th stillborn, and fiimll, an abortion ^ ^ 

Lay 10 Fir-d child Minncd to adult life, second died of mfection ns child, 
tuo iri rants then died in conudmons m fir-t few n onths, then n still hirih 


T])ece rccauh sfnnd in intending contrast tilth those knowm foi 
syphilitic motlicis m winch each conception seems to be more and more 
ne.nh successful until a weak offspnng is born, and finally such a mothei 
urn gite bn th to an nppnicnth nonnal clnld The syphilitic is giad- 
ualh becoming le^s diseased and is otcrcommg the to\ic condition as 
tunc goes on, while these alcoholic women aio on the contrary becoming 
moie and more ‘•atwafed with the poison, and foi this reason each suc- 
ceeding bn th is more decidedly defectne. 


Iauiu 2 — Showing Piucint\g! oi StiixBorv and Ciutdrfv Who Died in* 

*n .trcotroric Fawhx 



Cases 

Died or 
Still Born, 
Per cent 

Still Born, 

Per cent 

Pilot born 

80 

33 7 

mam 

Second Imrn 

80 

50 0 


Third born 

SO 

52 0 


Fourth nnd fifth l>orn 

111 

05 7 


Si\th to tenth born 

1)3 

72 0 

m 


The recoids were worse foi women who had begun dunking some 
time picuous to the fast conception In tlm ty-one cases they had been 
drinking foi at least two years hefoie the fhst pregnancy Of 118 chil- 
dren horn to these, se\ enty -four were still-born or died m infancy, giving 
62 7 per cent as compaied with a death-rate of 54 1 pci cent foi the 
others of the series 

In only thirty-nine of the cases were the w*omen s paients sober peo- 
ple, yet the iccoids of the oilspring from these w r omen were equally as 
had as those from the si\ty-one mothers who had alcoholic parents Tins 
is a significant fact, since it indicates most stiongly that the defective 
clnldien aie due to the direct effect of alcoholism and not to other degen- 
eiate conditions Sullivan recorded seven known cases of conception dur- 
ing a state of drunkenness, sit of the childien died m convulsions in a 
few months, while the seventh w r as still-born 

Another observation by Sullivan which indicates that the alcohol 
as such is the cause of defectiveness was the fact that mothers impris- 
oned duung piegnaney gave birth to a better child since the drinking 
was stopped 
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Sixty per cent of the children of all these motlieis died m convul- 
sions Tins is a common mannei of death foi the offspimg fiom the 
alcoholic mammals I have studied 

Ivende found that of twenty-one families m which the father and 
mothei both diank, ten were childless, while of the twenty-four childien 
m the othci eleven families, sixteen died early and only tlnee weie 
enmely normal In eighteen families m which only the father drank, 
hut tlnee children m twenty-one were entnely sound, while there weie 
many aboitions and several cases of sterility 

There are numeious statistical facts showing a laige peicentage of 
alcoholics m the ancestry of prostitutes, degeneiates and other inferior 
classes All of the studies seem to show that alcoholism and the degenei- 
ate condition tend to occui m the same family, and Sullivan seems to 
control the case by showing that m some instances, at least, alcohol is 
the cause of degeneracy 

The leal, crucial proof of the direct action of alcohol must come, 
however, from experiments on lower animals, wheie the sources of error 
may be entirely controlled 

Adami states “The general belief (and we regard it as well founded) 
is that the childien of the sot aie as a body of lowered intelligence and 
Mtality with unstable self-contiol ” He recognizes the gieat difficulty 
of statistically piovmg this m man, since alcoholism is so often the 
accompaniment of weakness and hereditaiy taint, and may not be the 
pnmaiy cause of the condition m many families With animals, how- 
evei, the experimenter is enabled to prove that alcohol does induce a pn- 
mauly degenerate condition 

One could continue to enumeiate reeonls showing the effect of alco- 
holism on the human offspring, yet a sufficient number of studies hare 
been consideied to show how strongly indicates e the evidence is that 
alcohol is really the direct cause of defects m mam case* There is 
aho little doubt that alcoholism is sometimes acquired by perfectlv noi- 
mnl human beings, and when the tissues of such people become affected 
bt alcohol they no doubt gire use to d elect n e and abnormal offspinm 

It is hover er, an undeniable fact that alcoholism m man is rerv 
fioquenth an accompaniment of rarious degeneiate conditions and 
these conditions are oftentimes within themselres sufficient to account 
foi further degeneiation in the offspring We shall, therefore consider 
more fully at this point the eudence furnished hv animal cM>cr>- 
mentation 

animal rxrrniMrxTs 


As stated abate the problem broader the" the subjea 
i«m If it is shown that any toxic suh-taoo* can art on v'r 
or derelopum enibrro in such a m.umcr r= to die"", o~ 
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(lc\ elopment, it necc^nnly follows that alcohol maj induce a moie oi 
le's equivalent condition, since it is definitclj known to act on all animal 
Iismics I shall, fheicfoie, mention the experiments with alcohol m pai- 
ticulai, and at the same time considei other of the stilking example 5 
of emnonmcntal eilcct 5 on the den eloping eggs of lower animals 

JJ 13 Zieglei heated 5 ea-mchin*s pggs with ethyl-alcohol A 1 pei 
cent solution m 5 ea-water dehyed development, a 2 per cent solution 
also delated development and caused abnoimal embryos, while a 4 pei 
cent solution prevented all development The peculiaily typical lanai 
of the sen-uiclnn which iTeibst induced b} the addition of lithium salts 
to sea-water ha\e been mentioned nbo\e ITerbst’s experiments furnish 
a striking example of a ehaiacten 5 tic response on the part of the dei el- 
oping oiganisin to a definite chemical tieatment Morgan obtained 
sinnlailv definite results In treating fiogs eggs with lithium, and I 
have shown a somewhat comparable response foi the fish’s egg Otliei 
salts max give the same tjpos of lanai, as occurred m these cases, as 
McClendon has shown foi the fish, and as I previously pointed out m 
5 eveial of ni} studies on the cvclopean defect Yet with certain closes 
of given substances one gets gi eater numbei s of the same defect than 
with an} otliei treatment It i 5 not surpn 5 ing that a few' individuals 
of am one defonncd t}pe may occur in a number of different solutions 
The important fact is. that with a particular treatment one is able to 
obtain on all occasions a large numbei of embryos exhibiting a peifectlv 
cleai-cut, definite defect 

Itidge got decided results b) treating the eggs of the blue bottle-fl} 
and fiogs with alcohol In solutions of 1/100 per cent alcohol in 
water the development was slow In 1/20 per cent solutions develop- 
ment pioceeded foi only a short time and the eggs died In one pei 
cent alcohol onl} one oi two eggs started 

Ovize made an interesting observation on the influence of alcoholic 
fumes on developing hen’s eggs An incubator containing 160 eggs was 
in a cellar m which wine and brandy w'ere being distilled Seventy- 
eight chickens hatched, of these twent} -fiv e weie defoimed and forty 
died during the fiist three or foui days Of the number unhatclied, 
one-third weie defoimed, and 3 to 4 per cent had only developed a 
short way 3 

Tore has experimented extensively with the influence of alcohol on 
the developing hen’s egg Alcohol was injected into the albumen m 
some experiments, while m otheis the eggs were placed under bell jam 
and exposed to the fumes of evapoiatmg alcohol Enough of the fumes 
penetrated the shell and entered the egg to affect the subsequent develop- 
ment of the embryos When eggs were placed m the mcubatoi after such 


3 These results by Ovize w T ere taken from For el’s review 
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tieatment they developed more slowly than the eontiol and a laige 
number of malformed embryos resulted The abnormalities were vari- 
able, yet many had defective nervous systems and a number of the 
embryos exhibited eye defects. Fere made no attempt to analyze the 
cause of the different types of deformities, and in fact he paid little 
attention to the structure of the defects Yet he showed most decidedly 
that alcohol fumes do affect the developing embryo, as one might have 
inferred from the precedmg observations made by Ovize 

I have repeated Fere’s experiments at some length during the past 
two 3 ears and can confirm his results My object has been to regulate 
the tieatment m such a manner as to get definite types of defects with 
ceitam intensities of treatment Up to the present time I have only 
paitially succeeded in doing this, though in several experiments the 
delay m development and the general type of the defects has been rather 
constant This tieatment of hen’s eggs with alcoholic fumes is one of the 
most convincing and easily performed demonstrations of the influence 
of alcohol on development 

Fere also experimented with hen s eggs to show the influence of dif- 
fer ences m temperature during incubation and many other physical and 
chemical factors All unusual conditions affected the development of 
the embryo Fere' also developed hen’s eggs m glass dishes after remov- 
ing them fiom the shell Preyer and Loisel had previously done similar 
experiments, but they carried the embryo for only a day or so, while 
Feie succeeded m keeping the egg developing for six days Some of 
these embryos develop abnormally 

I have leeoided a number of experiments on fishes’ eggs which show 
the decided effects of alcohol and a large series of other substances on 
embryonic development Alcohol and lanous anesthetics showed a 
peculiar affinity for the developing nervous system and organs of special 
sense In many cases other oigans and parts of the embryos were appnr- 
entl) normal Many of the deformed individuals hatched and hied for 
*01110 time, swimming about and feeding m a t3pical fashion 

AYith alcohol solutions of given strength definite defects were induced 
In some expel mients dozens of embryos with typical brain and eie 
defects occurred nlnle few or no other types of deformities e v i=md 
The cxpnvncnicr has ihc poucr in ihese cases io pi edict it Ah at least 
a hmxicd decree of ceiiaintij the ivpc of deformity vhicl v.U rfuA* freer 
a definie vAc nsittj of a pmticular treatment Fmlrionic fkielnpmciH 
m Mich cn=es nm realli be reguPted or controlled 


We fine alieuli concluded a muiher of experiment* 


ninth chow that alcohol and odier injunon- suborner* r~<: t' 1 <y« 
it; of the off -prom In t fnim: nra'oh V'o ct-i : <>\ =o - ry’* 
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patent's bod) The effecH m mammals mnv not be due dnectl) to the 
substance u c ed, but ratbei jiulnccth to the changed conditions the sub- 
stances have induced m the bod) of the paient It is important for this 
i enroll to know whether ceitam substances come m dnect contact with 
the germ cell'; of the individual A« befoie mentioned, Xicloux and 
Renault have shown that alcohol mnv he rendih found m the seminal 
fluid of a man shoith aftei dunking it Thus the speimatoroa ma}' 
come to float 01 swim in a weak solution of alcohol 

In the case of female mammals, Xieloux has carefull) demonshated 
the passage of alcohol from the blood of the mother into the tissues of 
the embivo The following tabulation rendih shows the lesults of his 
experiments on dogs and guinea-pigs 


Tm.ii 3 — Passm.i of .\t C onor rnovr Tirr Momra to rnr Fetus 
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After a shoit period of time the amount of alcohol in the blood of 
the fetus is about equal to that in the blood of the motliei. while theie 
is leallv moie alcohol in a given weight of the tissues of the fetus than 
is to be found m an equal weight of livei tissues fiom the motliei 

The realitv of the passage of alcohol fiom the motliei to the fetus 
demonstrates the possibilitj of the intoxication of the fetus Theiefoie, 
nervous disorders, anesthesia, etc, of the late fetus may lesult as a 
consequence of alcohol m the blood, while the developing embiyo or eaily 
fetus will show the effects by an abnormal formation of the nervous 
system 

Thus the lesults of the experiments of Manet, Combemale and Hodge 
on dogs aie readily explained as the dnect influence of alcohol on the 
paternal geim cells m the case of the treated male, 01 on the developing 
fetus withm the body of the alcoholic motliei The gieat number of 
human records briefly refened to above aie also leadily interpreted as 
the result of direct alcoholic action on the genn cells and the developing 
embryo 
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The experiments on mammals do not then realty differ gieatty fiom 
those on the loner veitebrates where the externally developing eggs aie 
placed dnectty in various nnusnal solutions, since the egg 01 embryo 
although within the motliei s body is readily bathed 01 impregnated by 
the alcohol contained within the mother’s blood 

The only experiments with alcohol on lowei mammals which do not 
fall completely m line with the above records aie those lecently recoided 
Ip Nice He has fed mice on alcohol Bach day 2 c c of 35 per cent 
alcohol was added to ci ackers and milk and placed as food foi each 
mouse Instead of dunking "water the mice could dunk 35 pei cent 
alcohol fiom a syphon which prevented evaporation Animals treated 
m this way gained m weight over the control The offspring from these 
alcoholic mice excelled all the other mice m growth, even when they 
themselves weie fed alcohol The young grew fastei, howevei, when not 
gnen alcohol Mice treated other mice with tobacco fnmes, mcotm and 
caffem The fecundity of the alcohol, mcotm and eaffem mice was 
greatei than the control while those treated with tobacco fumes had 
almost twice as many young as the control The moitality of the off- 
spimg fiom the treated mice was, however, greater than from the conti ol 
Hone of the conti ol young died, while 17 3 pei cent of the mcotm 
young and 111 pei cent of the alcoholic 3 r oung died soon after bn tli 
Them was only one aboition, no still-bn tlis and none of the young were 
dcfoimed 

Mice may possibly be peculiarly lesistant to these drugs, though I 
should lathei think that m the case of alcohol, at least, the animals 
lecened too little to give a pionouuced effect, though it was sufficient 
to came a ceitam fatality among the young Weak alcohol mixed with 
ci ackers and nnlk no doubt lapidly evaporate* The animals po**iblv 
u ait ed until a cei tain amount of the alcohol had disappeared before thev 
ate then food and of comm, the amount of alcohol thev took mffeid 
of dunking watci was ven small Mice mar casib be kept on a ciackei 
and milk diet without erei leconmg water One cannot dem hoveuu 
that the mice did leeeive enough alcohol to came them to fatten m oie rnp- 
nlh than the contioh and piohabh to came the death of *ome of thru 
ofl -miner 

Caineie ha* ‘shown that when guinea-pier* are inoculated with tinm- 
soluble plod net* of the tubercle bacillu* fm *ercial month* that tn< 
numhei of ofi*pnng i* diminished He sometimes ob*cned i ho rr-th <r' 
the fiiu* or mem lime detth of the ronner whib v> s m m the 1 T * _r 
lemur had feeble roiuinuecu* dim action v * produrni w-i < u r i 


ponnt \\ i* immo£ro°tLd vnh the po’-m 
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otjIv 20 pei cent of the joung sunned. When the female alone was 
inoculated 2G.0 pei cent of the offspimg weic still-born, 34 6 per cent 
died under sixteen dajs and 3S 4 per cent of the joung sumved The 
matings with the male alone inoculated gnxe 16 6 pei cent still-born, 
10 pei cent dying under sixteen days and 73 pei cent of the offspring 

vnor ^ ihc offcct of the toxin is shown on the germ cells of both 

*«e\es 

Lustigs expciiments of inoculating fowls with abrm gaie lesults 
parallel to those recorded by Carrieie The offspring ueie less resistant 
to inoculations of abun, ju^t ns the guinea-pigs Mere to the tuberculosis 
extracts when computed with control animals of the same age 

2\fall has cleaily shown in hi* monograph on the causes of human 
monsti optics that poor nutution and abnormal enuionment are most 
potent fnctoiR Only 7 pei cent of the uterine pregnancies examined 
ga\e monster*, while 0G per cent of ilie tubal pregnancies produced 
nbnoimal embryo* 

Ilnllamyne has presented m hi* "Antenatal Pathology 5 ’ a most com- 
piehensjxe considciation of tlie pait plated by abnormal environment 
and disca c e m the causation of monstrosities and dev elopmental defects 
in general 

The effects of malnutntion oi poor environment on the developing 
embryo is splendidly illustrated by the case of monocboual twins when 
one becomes mo ic vigoious and pumps blood from the otliex thiough the 
anastomoses between then placental or umbilical vessels In such cases 
one of the twins may fail to develop ceitnin pnits and may actually lack 
a heait, the henit of the superior embrym pumping blood through both 
the bodies The various degrees of the degenerate or pamsitic twin is 
thus produced One individual falls behind in development and may 
finally actually’’ be included within the body of the more vigorous twin 
Double monsters may occur m which one individual is almost perfect, 
while the smaller monster is attached to some part of its body 

I have given this somewhat extensile suivey of the literature in order 
to show that an abundance of evidence exists at the present time to 
indicate that the couise of embryonic dexelopment may be readily modi- 
fied It is also cleaily shown that the germ cells of various animals may 
be directly afEected by different chemical treatments to such, a degree 
that they give rise to defective individuals The experiments of 0 
Hertwig and Moigan on the chemical production of spina bifida m large 
numbers of tadpoles and my experiments on the constant production of 
typical cyclopian monsters by subjecting developing fish eggs to definite 
chemical treatments strongly indicate that the manner of embryonic 
development may be definitely regulated This exact regulation or con- 
trol of development is the important goal of experimental teratology 
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The pioblem is now m its beginning, since the actual influence of vanous 
tieatments is known to be expiessed in the insulting t}pe of embiyonic 
dexelopineni 

The studies on alcoholism m mammals haxe failed to pioduce an} 
(omjncmg exidence of the specific actions of this poison Yet the sta- 
tistical studies on defective human beings would indicate that alcohol 
had a special affinity foi the developing neivous system My expel nnents 
oil the influence of alcohol on the developing fish embivo demonsti ated 
that alcohol did have a specific affinity foi the cential neixous system, 
and caused the biams of these embi}os to exhibit numeious deformities 
vlule the oigans of special sense weie also affected 


Ml-TIIOD AXD RESULT 


r rhe expci nnenis lieie lecoided have been undei taken m oidei to 
aseeitam whclhci alcohol did exeit a maiked influence on the geim cells 
and de\ eloping embivos of mammals, and, if possible to demonsti ate the 
naiuie and mode of action of tins influence I have used alcohol as an 
ajjenl, smce it may be gixen to guinea-pigs without gieatly distmbimr 
iheir noiinal phvsiological piocesses, and so does not pioduce maiked 
conditions which might seoondaulv affect the lesulfs Alcohol mat 
icinain is such in the blood and tissues of a mammal, and so max act 
dimfl} just as it would when added to the ^ea-watei in which fishes 
0 "a;s woie developing I ha\e studied its effects expemnentalh on the 
eug" of low ei xeitebiotes and am familial with the defects it pioduces m 
those animals It is an aetixe substance and therefoie, foi the=e mam 
icasons lends itself admnably to expcnmcntal use 

The expel nnents hate been conducted on guinea-pigs unce tln»x 
bleed fan lx lapidlx and leai then xoung without much diificultx in the 
laboiaton Stiong healthx stock has been chosen and the animals haxe 
been caiefulh handled All have lemained in Mgoions health and most 
of ihem haxe mci eased m and tattened dining the piogic" of tin 
cxpeiuncnt 'flie males and females haxe been kepi caiefulh separated 


md individual pans mated limn time to tune 

’the animals aie lust tested bx noimal mating' iml found to product 
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Xmnnl indicated nudes me pan eel with alcoholic females, (he matei- 
nal test line (ho defective olfspnng nun bo due eithei io a modified 
OMim oi (o (ho fait (hat H developed in a moiliei with alcoholic blood, 
thnefoio M.pphing an unfnvoiable developmental emiiomnent Lastly, 
i|s ooiidiiion mm be due to both of these causes The mammalian motbei 
ha*- (no chances to mpne an ollspnng eitliei In pioducmg a defective 
egg, 01 M'tomlh In s lt pphnig an unfavoiable 01 diseased envnonment 
m which (be pinlino must develop 

The (mill combination is the mating of alcoholic individuals This, 
of eom-e olleis the gi cutest chance foi defective ollspnng 

Alcohol is ndnnnisteied to the guinea-pigs bv inhalation At fust 
it was given with the food hut the animals did not iclisli it, and tlieie- 
foi o took less food If was then given h\ stomach tube, but this method 



1'ijr i — 'Jaiik foi alcohol lionlinenf .Animate me placed on the wue scieen 
in the* closed tank and inhale the fumes of alcohol cvapoiatuig fiom the cotton 
below the seiccn 

so upset the animals that the lesults might have been modified by then 
pool bodily condition and the bad state of then stomachs J he inhala- 
tion method is entnclj satisfacioij, the guinea-pigs Ilnive and usually 
gain in weight dining the expei inient, they have good appetites and aie 
m all icspeets appaienil} noimal 'Hie only indication of the effects of 
the tieaiment is shown by the quality of ollspnng they pioduce 

The appaiatus used foi giving the alcohol consists of an an-tight 
coppei tank 30 inches long by 18 inches wide and 12 inches deep, with 
a sloping bottom chaining to the centei Ovei this bottom is placed a 
wire screen and below the scieen cotton soaked with 95 pel cent alcohol 
is spread (Tig 1) The tank is closed and allowed to stand until the 
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.Hie mnioiih of them ‘-it quite motionless and s n ,[\ then noses foi a 
time mid then become somewhat diows> A few individuals howevei, me 
excited I»x the tieatment and uin nhoui the lank, becoming sexualh 
excited, and main often light otliei animals sa\,igel\ One of ihc 
mnlec fights and bites s„ ugonmsh while taking the fumes that lie lias 
to be f leafed ^epatafeh ftmn all nflieis The fumes then June a diflei- 
em influeme on the beltnvioi of difleient individuals m mucli the same 
wa\ that alcoholic intoxication explores iWdf ditleienth on difleient 
human beings 

Ihiiing the fust few weeks of the 1 tieatment the fumes cause the 
eve- t<> watei so that teals mn o\ei the face The nose and mouth aho 
become* 11101st and the annuals s»ill almost constanth The fumes me 
ven nutating to the mucous meinhianes at tns{ r rhe cornea 
becomes tint deal and (malh ojiacjue m some instances so that the eve 
takes on a white appeal am e The tissues sp<>m howevei to develop a 
lesistancc* to the fumes 'Pin* ou*s become clean aftei a few months and 
novel again become opaque The nasal mucosa aNo ceases to societe 
excessiveh unless the animal is left in foi an umisualh long time 

Mam of the guinea-pigs have been killed aftei tieatments of diflei- 
c*nt duiation up to fifteen months and all of then visceia caieiulh exam- 
ined F n no case have I found am changed stiucfuu's due to the alcoholic 
tieatment 'flu* lungs h\ei stomach intestines kidncv« lepioduchve 
glands luain and all otliei pmU appeal peifectlv nonnal The gcneial 
health and hehavioi of the annuals also indicate that tiiev aie in good con- 
dition As Indole mentioned second animals have been paitialh ca«tiated 
dining the expei nnent One ol the 1 opt oclnct iv e glands was lemoved and 
examined mu loscopuallv In all cases the geim cells, ova 01 spennato/oa 
as the ease max he weic I omul to exhibit peiJecth nonnal stiuetuie One 
cannot claim thciefoie that tins tieatment is excessiveh seveieoi gieatei 
in piopoi tioiial amount than the alcohol a human being oi ten takes I he 
fact is that these animals have nevei been eoinpletclv intoxicated, but 
icceivc oulv enough alcohol «i\ tunes pci week to atlect then neivous 
states Thev max be compaicd to a topei who dunks dmh but nevei 
becomes leal h chunk 

While the bodies oi those annuals displav no dnect. eflects of the 
alcohol, flic conditions of flic oflspnng to which the} give use show most 
sinking!} the e/lerfs of tlie alcoholic tieatment The lesults of mating 
the alcohol i/ed guinea-pigs aie summan/ed m Table 4 

Fifty-five matings of tieated animals have been made Foity-iwo of 
these hav r e now i cached full teim and me iccoided Dm teen mat nigs 
aie not vet clue Fiom the foity-iwo matings only seven young sunned, 
and six of these me still living, five of which aie Hints, though then 
paients wete unusually Imge, stiong animals (Figs 4 and o) 
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Tlie conditions of the animals m the mating pans aie shown m the 
first column of the table and the total results of the matings are indi- 
cated m the following columns The fiist horizontal line gives the rec- 
01 ds when alcoholic males aie paned with noimal females Twenty-foui 
such matings were made Fouiteen of these gave negative lesults, 01 
lesulted m eaily aboitions Man}' embnos weie aborted duimg veiy 
young stages, and some of these weie defoimed, tliough they were gen- 
eially m such pool condition aftei being cast out into the cages that 
little could be learned from them They weie paitially 01 completely 
eaten by the motliei in most cases The males weie always kept foi a 
nmnbei of days with the females dui mg favoiable penods, and con- 
ception should have oceuned m all case% as it did m the conti ol matings 


T vble 4 — ErrccTS or Atcoiiol ox OrrspRixc or Gcixea-Pigs 


Condition of Animal 

W 

til 
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cfl 
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Ph 
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Young Dying Soon 
Aftei Butli 

Smvivmg Young 

Alcoholic male hi noi- 
mal female 

24 

i 14 

! 

5 

8 

5 

; 

7 

1 

5' 

Xoimal male by alco- 
holic female 

4 

i 

0 

0 

3 

3 (a) 

2y 

Alcoholic male by alco 
holic female 

14 

10 

3 

6 

1 

1 (&) 

0 

Sumniai ^ 

42 

25 

S 

14 

9 

11 

7$ 

Formal male by noimal 
female — Conti ol 

9§ 

0 

0 

0 

■ 

0 

17 


•'Foiu suimvois m one litter and one was a membei of a httei of three the 
othei two died immediately aftei butli (a) Piematuie (f>) Sixth day 

TOne lived to become piegnant with two goring m ntcio, one defoimed, Fig 3 
Othei survivoi normal, tiie motliei was not tieatcd until aftei hist two oi thiee 
weeks of piegnancv 

?0f tlurly-tw'o young bom only se\ en have suivived 

§One other nonalcoholic mating was made fiom which twro voung lesulted, 
they died aftei the second and fouitli days, respectively and the motliei died two 
days latei , liei diseased condition no doubt affected the suckling young They 
have foi this leason not been included in the noimal conti ol 

Only ten of the twentj-foui matings resulted m conceptions which ran 
the full teim Half of these, oi five, weie still-born litters There were 
thiee still-born litters of two young each and two of one individual each 
Most of these weie slightly piemature, then eyes being closed and the 
ban sparse on the bodies (A normal guinea-pig at birth is well covered 
vitli a hairy coat, its eyes aie open and it veiy quickly begins to run 
about actively ) 












i ito nuts or i\'ii:n\ i/, 'iLnicnn 

I Ik* onl\ other v um\oi ftom an alcoholic mntliei is «-( 1 oil" 1 and full 
" ,own fo ‘ ,l «‘‘ Tllt> "X'tlu'i lmcl been ti cut eel toi onh two ami one- 

hn?f months when the ciflspiiiig bom mi flint ‘•In- was nonn.il diumg 
till* fil'd two OI filin' weeks ol piegnnnc \ \o dnubf flu* oath stage” 
of dexeiojmieiit .tie mine e.isih modified In ptodttce significant defects 
(luui me fhe latu Tin*, quest mn n beuur mote fulU tested on guinoa- 
l»iirs with e\jiei nueiits now in pi out ess 1 ) )(Ue <.j,own, howeiei, n\ 




Pig J_A 'Ji,e aimiiiil on tlie left is n unit fiom n lingo ulcoliohc male and 
a huge 1101 mal female weighs 111 gm lie animil on the light, fiom noi nn 
puicnts, is lnigoi although 1 month xoungci and weighs Id 7 gm 

B U he guinea pig on the left is n unit weighing 132 gin fiom an alcoholic 
fatlici , on the light a noinial guinea pig twice as laige though onlj 10 cajs 
olilei, weighs 221 gin 


ti eating fish eggs that the peiiocl at wdnch the tieatment is applied is 
a most lmpoiiant faetoi in deleiininmg the type of defect oi modification 
wdncli will lestilt Ceitam salts, difTeient stiengths of magnesium 
elilondj foi example, which give piononneed eflects when added to the 
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sea-watei containing eggs m eaily developmental stages, may leally be 
ineffective aftei the eggs have developed beyond these stages In the 
case nuclei considei ation the oftspimg might not hare faied so well if 
the alcoholic tieatment had been staited on the mothei a few weeks 
befoie conception, instead of tliice weeks aftei hei piegnancy had begun 
This with othei points shall be moie completely analyzed in futuie com- 
munications on tliese expenments 




B The left animal is tlie same as abo\e, the light anothei of the same 
ninb httei 


The foui matings of alcoholic females and noimal males resulted m 
tlnee living httei s m all of five lndmcluals Thiee of the young were 
piematuie and died shoitly after birth, while two young sunived 




1 i itcnn / .s 01 f\ r iTif\ \/j m union /; 

Tmnlh, MO nun (on-ulci tin* le-ult- of paiimg two alcoholized mdi- 
udtniK '1 ho (hud lino of (in* table Mimmnn/e- ihe-e Jesuits As mHir 
luno been uuiHipaied. thic tipe of mat mg has given the highest fataf.ti 
of nil 

Ten out of «t total of touiteen mating- hate gnen no oflspnng oi 
otih aboi t ion-. Mlneh moic m main <a-o- eaten In i he mothei Thiee 
-(ill-bom iittei- li.ne been pioduied, each <on-i-ti»g ot two voumr 
Onhl on? hniiq h (ft i v a\ hoi it fiom the f out hen niahnq ? tn vlncli both 
pn n lit \ lieu oh attain and thu Itfhi minuted of hut one neal vuhiid- 
uol uhuh dud in tnntufytam on the - nth dot/ afln huth This i* 
indeed a dec nled etlec t of alcohol on the oH-pnng mIicii one compaie* 
i( m itli nine i oi tiol mating*' all of winch gjn e lmng litteis containing 
a total of -evonieeti individual- all -uivivmg 

Two <*t lid lining m c‘i e juodmed b\ non-ale oliolit pinout* and died on 
the -ennui and fouiih dm- nftei huth The) luno not been included 
in tin* (outiol -nice the luothiu died two dm- Intel in a di«ea=ed condi- 
tion No douttt the jmoi -late of the mothei hud much to do with the 
fate of the -inkling \oiuig She ua- an animal that had onh been m 
the expel uncut fot n -hoit time and i- one ol the ten feu that hate 
coiPi.tetod di-ou-o oi died dining tin* nineteen month* of the uoik Tin* 
might po— ihl\ go to -how the influence oi a di-o,i-cd mothei on the 
ofrspntig 

'fhe foui tli line of Table 1 gne- a -uiiinnin oi the expenments 
Theie hau boon fmtv-two full-teim mating tvvcntv-thc of which gate 
no u“*ult- oi e,ul\ aboition- eight «t ill-bom litteis hate occuiicd, con- 
-i-ting of touiteen individual- onh nine lmng Iittei* hate been boin 
21 pci cent of the mating- Tiie-e eoniamed eigbteen tonne, and but 
-even of tin- niimbei lime sunned and five of the-e *mutois aie 
umnunllv -mall (I'm- 1, >) 

The bottom line of the table -boa - nine eontiol matings All bate 
gnen living liitei- containing a total of -etenteen voting all of them 
-muting The two voting that died a= -fated above vteie fiom a dung 
mothei and jioi included m the conti ol 

J?eeoids of the -ucoc-snc mating* of ten of fhe female guinea-pigs 
aie shown m Table 3 The taivuig wav* m winch the same individual 
has lespondcd in difleicnt matings is noticeable Ntvmbei 10, an alco- 
holic female, fii-t mated vutli an alcoholic male gate one voting winch 
died on the *i\th dav aftei huth On being lemated with the same male, 

No 10, gave no ic*ult When mated with anothei alcoholic male gate 
no lesult She mated again aftei seteial months with the fust male and 
on being killed was found to contain one embi}0 in vtcio about 2 
weeks old 

Pemale 15, a noimal gumea-pig, show* an instinctive tecoi ie 
was mated with an alcoholic male and gate bnth to two still-bom toung 
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When mated with anotliei alcoholic male she gave a negative result 
Remated with the second male she gave two young, both of which died 
of convulsions nitlnn foui weeks aftei bnth She was then mated with 
a noimal male as a contiol and gave one vigoious lioimal offspring 
which snmved 

Table 5 — Results or Successinl Matings of Ten Females 


Animal 

F li st Mating 

Second Mating 

Tlind Mating 

Fomth Mating 

No 

10 Ale 

Ale male 4, 1 

Ale male 4 

Ale male 6 

Ale male 4, 



voimg died 

0 

0 

1 embi^o tn 



m G davs 



uteio 2 weeks 
aftei 

No 

12 Ale 

Ale male 5 

Ale male 5 

Ale male 4 




0 

0 

0 


No 

11 Ale 

Ale male G 

Ale male G 

Ale male 5, 

Ale male 4 



0 

0 

2 piemat 
still-bom 

0 

No 

13 Not 

Ale male 5 

Ale male 5 

Ale male 4 




1 still-born 

0 

0 


No 

17 Noi 

Ethei ized 

Ethei ized 





male 1 

male 1 





1 0 

0 



No 

IS Nor 

Ale male 5 

Ale male 5 

Ale male 6 




0 

0 

0 


No 

7 Nor 

Ethei lzed 

Ethei lzed 

Ethei lzed 




male 2, 

male 2 

male 2 




2 piemat 
still-born 

0 

0 


No 

14 Noi 

Ethei ized 

Etherized 





male 3 

male 3 




_ 

0 

0 



No 

19 Noi 

Ale male 4 

Ale male 6 , 

Ale male 6 

Ale male 5, 



0 

1 still bom 

0 

4 small, ac- 
tive, only 
one half size, 
but living 

No 

15 Noi 

Ale male G , 

Ale male 5 

Ale male 5, 

Noi male, 1 



2 still born 

0 

2 died fourth 

noimal vigoi- 





week of con- 
vulsions 

ous young 


The other recoids are easily understood 

These experiments have suggested many questions still to be solved, 
some of which aie now being tested, such as the length of time necessaiy 
to tieat an animal before the lesultmg offspring is affected, whether this 
time is equally long for both sexes, and what amount of individual varia- 
tion may exist An important point to ascertain is whether the effects 
of the alcohol treatment aie permanent, 01 does the animal recover aftei 
a time and again become capable of giving normal offspring One of the 
most valuable pioblems is to legulate the treatment m such a manner 
as to induce a definite type of defect with a given kind or degree of 
treatment The stiuctuie or moiphology of the monsteis and defective 






% ( /.V 7 // 1 / .s or 1 \ 7 nit \ I L V 111)10/ ~\ /; 

oir T ,n - wj,1<!l ,,mn ,s ,0 h< * <d tidied Many 0(1, Cl points 

in i*rlii lendih be '•tuspo^to < 1 . 

iWimte ami uell-cnnti oiled expenmenfs with alcohol and olhoi sub- 
0,1 tnmninnlmn ofKpini^r have not been Millie icnth studied 
'l'ln \w»ik m lenllv m ,|s beginning, and while throe m much e\ ulenee to 
sf,n " that v-umus io\n iigenis dn nflY-c t and nmdifv ,1m off ‘.pimp Luts 
.tt<* h.tdlv Heeled to demmM i ate the legnbuitv and lnamun of tine 
ui*»hin tuion I he present < \penntcnis -,em to me to pi me m a con- 
vincing wav that ah olml mnv ic.idth atfeit the off^pi iijjy fluougli cithei 
jnteut amt that this elfe, t almost fatal to the existence of the oll- 
-piittp alien t In* patents h»\e been tieated with even faiih la i pro do«es 
o| nhohol Mam of the eases *■,*« m to mdn ate funliei that Die Iismio* 
ol the net \ on- *»\ of tin ofFspung me paitieuhuly «e»Mti\e m then 
i , -pon-e- to tin indued conditio, m 

' is-isttutt Mr** ( tali', !< flH «u!« d me gieiHlv throughout nlmo-t ilio entire 
pi <>gt • s*« of tie *•< i v j>i i tiii< tit- I„is{ cuu it»irin>' im ab-cnce* ttnnnd «,ie assumed 
titliio mntiii, <i( tti< nnimtl- uni , am unit Moil to In r foi tins pfluiont assist vucp 


M M M VIIV 

fiimu i-pns- June laen tieated with nhohol m mdei to to 5 ! the influ- 
tme of smh tieatment on then olKjnimr Male and tent ale animals 
ate given ah oho! h\ an inhalition method until the} begin to show 
siliis of mtoMcatum though thev aieiievn eomplcfch intoMcated The} 
me tieated fo, about an hotn at the time «i\ da\« j,ei week The 
lieatmeut in «ntm* of tin 1 eases h*i« now extended o\ci a period of nine- 
teen months T,ie animal' ma\ he said to he in a c tate of chtotuc 
alcoholism 

Fifft five matings of the ahoholi/ed animals have been made, fo,i>- 
two ol which have j cached full teim and aie leeoided 

j’lom the'e toitv-iwo mntm^s ouh seven voung animals have 'in- 
vived ami live of them aie unusuallv email though then patents weie 
huge vigoious guinea-pigs The following combination^ weic made 

1 Alcoholic males weie mated to noimal iemales This is the paternal 
test, and m the leulh uncial pi oof of the influence oJ. alcohol on the 
genu cells, mice the defective oflspung in this case must be due to tbe 
modified spennato/oa oi male genu celK fiom which they ausc 
Twenf}-foui matings ot tins iipe hoc made, lomteeu of winch gave no 
lesult oi ven eailv aboitione, h\e still-boin httcis weie pioduced, eon- 
sistuig of eight individuals in all, and five hv mg litter* 5 containing twelve 
young Seven ol these twelve died soon nftei bntli and only five have 
sunned Poui ot the suiuvois aie fiom one httei and the fifth is the 
only living membei of a httei of tlnee 

2 Noimal males weie mated vvitli alcoholic females Tins is the 
maternal test In such eases the alcohol may a fl eet the oftspnng in two 
ways — by modifying the gcim cells of the raothei oi acting dneetly on 
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the developing embiyo in uteio Only fom such matings weie tiled 
One gave no offspnng, tlnee living litteis weie bom, one consisting of 
thiee piematuie young that died at bn tig while the other tivo litteis 
consisted each ot one young, winch have suivived The alcoholic tieat- 
nient in one of the last cases was only begun aftei the mothei had been 
piegnant foi about tlnee weeks 

3 Alcoholic males weie mated to alcoholic females This is the most 
seveie test, both paients being alcoholic Fourteen such matings gave m 
ten cases no offspnng, 01 veiy eaily aboitions Tlnee still-bom litteis 
weie pioduced, consisting in all of six individuals, while only one living 
^oung was bom This single offspnng fiom the fom teen matings ched 
m convulsions on the sixth day aftei buth 

The ^oung that have died in the evpenment .showed nervous disoi- 
deis, many having epileptic-like semnes. and all died m convulsions 

Nine contiol matings m the same gioup of animals have given nine 
living litteis , consisting in all of seienteen individuals, all of which 
have suivived and aie laige, vigoious animals foi then ages Two young 
fiom non-alcoholic parents died, but this mothei also died two days 
later Hei diseased condition doubtless affected the suckling young 

Foiiy-tuo matings of alcoholic guinea-pigs have given only eighteen 
young bom alne , and of these only seven, five of which aie mints, sui- 
vived foi moie than a few weeks, while nine conti ol matings have given 
seventeen young, all of which have suivived and aie noimal, vigoious 
individuals These facts convincingly demonstiate the detnmental 
effects of alcohol on the paienial geim cells and the developing offspnng 
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PROGRESSIVE INTERSTITIAL HYPERTROPHIC NEURITIS 
OP CHILDHOOD OF DEJ BRINE AND SOTTAS 
REPORT OE A CASE ’ 


WALTER F SCHALLER, MD 
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This raie disease was fust descnbed as an independent affection y 
Dejeime and Sottas 1 Pievious to then publication Gombault and 
Mallet 2 published the account of an observation of a patient having le 
ehaxactenstics of this affection but the} consideied it as a case of tabes 
Tlieie are but tluee autopsies lecoided, those of Dejeime and Sottas, of 
Detune and Thomas 2 and the case of Piene Mane studied by Boven 
This disease has been studied chiefly m Fiance the ongmal de^cnp 
tions of Gombault and Mallet, Dejenne and Sottas and a subsequent 
publication b} Dejenne 5 give a complete and thoiough descnption of the 
affection fiom a pathological as well as a clinical standpoint A gooc 
account is found m the woik of Dejenne and Thomas, and it is hue y 
consideied by Pieire Mane 7 in lus book on neuiology Shoit accounts aie 
aPo found m v Hutmel’s Sistern , 8 m the woik of Pfaundlei and Schloss- 
mann 0 and m Osier’s Modern Medicine 10 Sainton 11 takes up the question 
of diffeiential diagnosis and holds very strongly foi the independent 
classification of the affection This has been hi ought m question y 
Mannesco , 13 Beduschi 13 and Raymond , 14 who believe that the affection is 


Fiom the Neuiological Clnne, Depaitment of Medicine, Leland Stanfoid Jr 
Umveisity, San Francisco Cal 

Wlanuscnpt submitted foi publication July 24, 1912 , 

1 De 3 enne and Sottas Soc biol , seance du IS nuns 1893 Mem Soc de 

biol , 5, 9 series 1893, p 63 , ,, , . . 

2 Gombault et Mallet Un cas de tabbs avant dGbute dans 1 enfance p- 

sie Aicli de mtd expei 1889, p 385, pi a T 

3 Dejenne and Thomas Soc neuiol , Juno 5 1002 Quoted by Mane in La 

Piahque Neuiologique R 

4 Pieio Boven Munclien Med Wchnscln , June 6, 1911, p 

5 Deienne Rev de nied , Novembei , 1896, wi 

6 Dejenne and Thomas Maladies de la Moelle Epinieie, Pans, 

7 Mane, Pieire La Pratique Neuiol , Pans, 1911, p 69b 

8 i Hutmel Les Maladies des Enfants Pans, 1909, v, 426 

9 Pfaundlei and Schlossmann Handbucl, del Kindeihe.lkunde Le.pn 0 , 
1910, 4 Band, S 173 

10 Oslei’s Modem Medicine Philadelphia, 1903, vu, 113 ,,, -p 

H Sainton Thfese de Pans 1889 Quoted by Dejenne, Mai de la Moelle Ep , 

P 'l2 Mannesco Aicli de path evpei et eompaide, 1895 quoted by v Hutmel 

13 Beduclu Riv di patliolog nens ment , 1906, quoted by i Hutmel 

14 Rajmond Chmques, 1903, quoted bj v Hutmel 



\nrunr . s or i\n:n\ \l mldicim: 

i^nlwnl «i«h foi !)«*' a hpoof. II, o mvdoputluc mimsul.ii nhophy tvpe 
( Imtiot-Mam* Hojeune Kmnlon, Bienc Mane ami Boven hold foi*ihc 
independence of I lie all* c f mn and claim that the Inpeilrophv of the 
uem- Minch eond, lutes one of the mod duhmg (luiactendics of the 
dneine m an cmh pntlmlogmil finding and not a late development accom- 
pnti\ imr mu=nilni atiopln and defoumt\ j believe that the case that I 
am to 1 1 poi f will tin ow mihio light on tin 5 quodion 

In Oetmam, BiumIi’' pie-ented two doubtful ca-es in Beilm m 1903 
ulueh he Imbued to !h> -uhfoim 1 - of tin- disease Theic was, however, no 
dMirnf liv prrtiojihv of the pertpbet.il neivc 5 m Ins en 5 e 5 and m the 
di 5 ( u^ion wind, followed Ucmak thought that thcv fell lathei mto the 
el« 5 »t(iention of (In' tvp, of lmiHiiInr atiopln do'-mbed bv JTofTmann of 
lit idrlbei g (pn»gie«"ne nemal mmeul.n atiopln) 

i>i"tim , no\ 01 dim \<u 

It lm- n- , nmmewement in dublbood between the eighth and fom- 
te/mth v<.u and i 5 fiequenth 1 fanulv atledion It n clunacten/ed bv a 
piogie--iu (om-e bv ataxia. In mu-ndai atiopln and a mm keel didu«b- 
ame of the Hii-ilulnv togethei with lnputropln of the none trunks 
wlnth n the didinguidnng featuie of the di«ea 5 e The nnnculm atiopln 
eommeiue*. ni the cxtiemitie*. and the liifenoi extiemitv is alwavs involved 
before the «npi rioi The atiopln of the ‘•mall mimics of the bands 1 5 of 
the Aian-Dm bonne lvpe r i be atiopln and the malfounation of the feet 
1 5 ‘•ueh a<- n met with 111 l'uedreuh 5 ataxia Fibullaiv contiactions of the 
iim=ele- have been oec.monallv noted The cutaneous and tendinous 
indexes aic abolished The immulni lc-ponse to the faiadic and galvanic 
anient'- 1 5 diminished inaction of dogcneiahon 1 5 oecnsionnllv noted 
Ml foims of ‘•niabilitv aio maikedlv atl'ected The walk is that of 
stoppage, but not tvpieallv c o, a 5 the pie=enoe of a ceitam amount of 
at: xia ptoduce 5 a von undeadv gait The sign of J’ombcig is pie a ent 
and tbeie 1 5 a maiked ataxia in the fingci-nose and heel-knee tests The 
1 cacti on of the pupil to light 1 5 dovved 01 entneh absent while the 
leadion 5 to accommodation and to conveigcnce aie eon c eived r lhus the 
Aigjll Nobei (son pupil lias been oldened The sphmcteis aie intact 
The lnpeitiopln of the neivcs 1 5 peiliap 5 the mod staking featuie of the 
clinical pieluie Not onB aie the gieat neivc tiunks oi t he extiemities 
involved, but nHo the cutaneous blanches To quote the dcscnption of 
Dcieime 

It is n unifomi livpeiliophv v\ ithout liodositv 01 am unevenness, the con 
sistenev of the ncives is gieatlv mcieised and gi'cs to the palpating llngei ie 
linpiession of tlie ai tones of a cadavei pievionslv injected with gelatin ie 
piessuie on the 1101 vc tiunks, even though it he gieat, causes no pain n ,e 
In pei trophic intei slitial lieiintis theic is a icutable analgesia of tie nene 
tiunks to piessuie and to the electiic cuwent 

15 Biasch Beilin Gesellscli f Psvchiat u Nei venki , Julv 13* 1903 

Repoiled in Neuiol Centialbl, 1003, No 15, p 74S 
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Due to the atiophy of the muscles which tend to support the spinal 
column kyphoscoliosis has been noted Exophthalmos, scanning speech, 
intention trernoi and nystagmus may be present 

Bo veil 4 has described two clinical types of the affection 

1 Type Goinbault-Dejenne-SoMas — Myosis, Argyll Robeitson pupils, 
lightning pains, motor ataxia, fibrillary twitchmgs, nystagmus, absence of 
intention tiemor, of scanning speech and of exophthalmos and the pres- 
ence of general muscular atrophy 

2 Type Pieue Mane — No true Romberg, no m}osis, no true Argyll 
Robertson pupils, only slow reaction to light, no lightning pains, motor 
ataxia, nystagmus or fibnllaiy twitchmgs Intention tremor, scanning 
speech and exophthalmos present Muscular atrophy limited to the lower 
extremity and baiely indicated m the hands This type therefore presents 
points of similarity to multiple sclerosis. 

PATHOLOGICAL ANATOMY (dEJERINE) 

The cianial nerves aie larger than those of a noimal individual, but 
are far less hypeitioplned than the spinal neives The sympathetic system 
take« a prominent pait m the lrjpertiophy The ganglia of the postenor 
loots are notab 1) enlarged The spinal cord is not alteied m volume, but 
there is an atrophy of the postenor columns and an accompanying lepto- 
meningitis m this locality The dura mater about the cord is not altered 
Histologically, the nerves show both interstitial and paienchymatous 
changes The interstitial changes are typical The proliferation of 
fibrous tissue instead of taking place between the neivous elements m the 
erdoneurmm, as m certain other foims of neuritis, takes place about the , 
individual nerve fiber or about several fibers forming an isolating sheath, 
without, howevei, the endoneurium being affected This sheath of con- 
nective tissue is disposed concentrically about the nerve fibei much after 
the fashion of the layers of an onion In the peripheral nerves one sees 
few nuclei, on the contrary the spinal roots show abundant nuclei of the 
embiyonie type and vacuoles are numerous The posterior horns of the 
gray mattei m the cord are small The cells of the anterior horn studied 
b) Nissl's method show a diminution m number and some are found 
ati opined and the chromatic network is hardly visible 

DIFFERENTIAL DIAGNOSIS 

This affection must be differentiated from the Charcot-Marie type of 
spmal muscular atrophy, from Friedreich's ataxia, from an ordinary per- 
ipheral neuritis and from juvenile tabes I saw a case m the service of 
Rieire Mane m Bicetre, which was considered to be a case of Friedreich's 
ataxia until the discovery of the hypei trophic neives showed the error m 
diagnosis The first described case of this affection was classed as a 
juvenile tabes The case I have to report resembles tabes ver} 1, much m its 
clinical aspect The following is the report of the case 
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\ H , n R .*.l 20, lint »<> of Pin 1 ronciso, of Gomnn patentee, ne«*boi name 
of Jrnknl.r ,< ‘ ( ’ ,,f ^ JnnM ' ,M ' 1012 cnn, I ,,fl,nin S of double m walking, and 


/A Tom/ I nlher and mother lmncr nml noil The mother gaie no 
UMon of abortion or mmcmmge 'ihe patient has («o sisters both of whom 
n, ‘‘ , tt,n * x uuin.it ion of thc-e foster* a* vH l a* of the mother presented no 

rl,,,nu ' o{ tf,, ‘ *»**« m am one of them The father was not examined, but 
, ^ mu<! t0 1,, ‘ ,n h r o«'l hmllh, nml there wa* no lustori of a similar affection 

! ‘in" j>rc « n{ in ,»m hninch of the fannh 


! /rnotn htctoiu — The hirlh was normal nml the infant was normal in eien 
n-peef IU was fed at the binst for a period of nine months Dentition com 
mniced at fixe months he l><yn» walking at Iff months and began to talk at 2 
aeirs of mm He had measles, w hooping cough and chic! en pox between the 
*- *\cnth and the ninth war* 


/VMrrjif lh, tom — 1 he present trouble began scion a ears prior to this report 
whin he w,t<. *em <1 vitli an attick of general weakness and loss of ambition 
'Jim mother thinks the illness commenced from bathing in a contaminated swim 
mtng poo! Other children in the inanity became sick from this same cause die 
thinks some took tiphoid feipr ind others had diphtheria At the onset of 3ns 
trouble icier was not pft«rnt and n doctor was not consulted until «ciornl months 
lafn At this time failing strength was noticed winch first began m the legs 
and extended to the nrm« and bands llus ndianced to such a stage that he 
could not care for himself There was no trouble with the sphincters The doctoi 
whom he consulted prescribed a Kneipp water cure Patient states that while 
ututer this treatment lie jmprmcd dowh for one icnr After 100G, the patient’s 
condition mutinied about the same until September, 1011, since which time the 
tumble has Income wnr-c The principal complaint of the patient is that the legs 
ft el he.ii} and got tired ea*ih and that lie is unsteadi on ins feet lie ncier has 
had pain lie has diflictilti in performing the finet manipulations, such as button- 
ing Ins coal and fling his tie Writing 1ms become difficult nml unsteady There 
is no disturbance 1,1 articulation or deglutition The sphincters function nornmlh 
Sight nml hearing are unaffected and the mentalit} 1ms in no wise suffeied The 
speech is slow and measured, but the mother states that this 1ms nlwms been so 
Thoie is no complaint of headache, lonnting or dimness The appetite is good 
Constipation is apt to he the rule The weight 1ms not inried of late, there is 
no cough or night sweats Patient leads a ici} quiet moderate life, lmng with 
his pnients Denies nil icncrcal infection and does not use tobacco or indulge 


in alcohol 


Status, Januarj 20, 11112 — A fairh well nourished loung man below the mei- 
nge height Weight llffi/. pounds Pulse 78 regular and of good lolume and 
tension The face presents n sallow nml rather bloated appeal anco with puffiness 
about the ejes The neck is ion bioad and thick set The upper hp is some 
what projected, the labial commissure is transierse and the smile is trnnsierse 
There aie numerous moles about the face The spine shows a moderate lateral 
scoliosis There arc seieral patches of pityriasis icrsicolor on the chest The 
tongue is In pertroplncd, the hypertrophy being of tlic entire organ and also of 
the individual papillte, there is a scattered but well marked exfoliating dermatitis 
piescnt, shown bi numerous slightly clcinted patches with a fine sinuous border, 
foimmg an incomplete ring These patches change their position from day to day 
No scais suspicious of s}philis are seen on the suiface of the body or xn the nnso 
phaivnx The tonsils are enlarged There is no noticeable atrophy of any o 
the muscles There is no superficial glandular enlargement No trembling of the 
hands The strength m the hands is diminished Dynamometer readings light 
hand 22 kg, left hand 22 kg (pressure) The power xn the arms, forearms, legs 
and tlnghs is fairly well conserved, but the flexors of the foot are decided y wca * 
while the extensors are not so affected The walk is that of the steppage gai 
with at the same tune an ataxia and a certain incoordination and swaying n 
the pointing movements of the hands and of the feet there is some ei J or ^ ie ” 
the eyes are open, and tins is much increased when the eyes are closed mer 
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is some adiadocliokmesis in botli hands, but this is not pionounced Theie is a 
distinct Romberg, but no asyneigia 01 “mouvements demesne 6s” (Babmski) 
Reflexes Hie knee jeiks, ankle ]erks and radial leflexes aie absent The 
triceps reflex is present The abdominal leflexes are present and the plantar 
reflex is m flexion The anal and cremasteric leflexes aie absent On percussion 
of the muscles the muscular reflex is eveiy where piesent 

Sensibility The sensibility is maikedly affected m the extiemities but not 
about the tiunk The sensibility to touch, to heat and cold, and to pain shows 
a diminution which is moie pionounced at the penpheiy of a member than at 
its base The deep sensibility is likewise affected The piessure sense, sense of 
position, notion of the position of the segments of a member, including the muscu- 
lar and artieulai sensibility, and the osseus sensibility, are impaired There is 
a disturbance of the stereognostie sense Pallesthesia as tested with the Luer fork 
shows perception of the "vibration between 6 and 7 over the lowei ladius and 
ulna and 5 plus ovei the internal malleolus — figuies considerably below the 
normal 

Hypertrophy of the nerves The nerve trunks of the axilla, the ulnar nerve at 
the bend of the elbow, superficial branches of the ceivical plexus, cutaneous 
branches on the doisal surface of the foreaims and the external popliteal nerve 
are maikedly hypertrophic and easily palpable They are not sensitive to pres- 
sure and on palpation are found to be free from unevenness and may be rolled 
under the finger like a sclerotic aitery The ulnai neive at the bend of the 
elbow feels about the size of a large goose quill 

Ulnar Nerve Reflex If the patient be placed in the anatomical position with 
the palms of the hands anteriorly and the arm be percussed above the olecranon 
at the inner side, a brusque movement of pronation takes place due to the per- 
cussion of the enlarged ulnar nerve and the consequent contraction of the flexor 
carpi ulnans This is found constantly on the left side 

Cianial Nerves The pupils react well to light and accommodation, are equal 
m size and regular m contour The eje movements aie normal, there is no con- 
traction of the field of vision and no nystagmus Report from the eye clinic 
“Disks pale m color but normal ” Taste and smell are normal No anesthesia 
about the distribution of the fifth neive and no involvement of the facial nerve 
Sense of hearing is acute m both ears The corneal and pharyngeal reflexes are 
both piesent The tongue is not deviated from the mid-line but there is a slight 
trembling No tiouble m deglutition oi articulation 

Electrical Reactions of the Muscles The electrical reactions of the muscles 
show an alteiation consisting of a hypo-excitability to both the faradic and gal- 
vanic cunents In certain muscles an incomplete leaction of degeneration is 
found Thus m the extensor communis digitorum and the extensor longus digi- 
toium there is a decided slowing of the contraction to the galvanic current with 
inversion of the formula ACC being greater than KCC In the trapezius, deltoid, 
biceps, triceps, flexor profundus digitorum, first dorsal intei osseus of the hand, 
biceps femons, quadriceps femons, tibialis anticus and flexor longus digitorum 
there is no inversion but a slight slowing of the contraction, not so marked as 
m the case of the extensors, where the conti action is almost vermicular 

In the supinator longus, peronen, flexoi longus hallucis, extensor pro- 
pi ius hallucis, semimeinbi anosus, semitendmosus, gastrocnemius and 
soleus the contraction is quick In eveiy case the faradic excitability 
is conscived 

An examination of the heait, lungs and abdomen shows normal con- 
ditions The liver is not enlaiged and the spleen cannot be palpated 
Over the body generally the muscles give a sense of increased tonicity 3s o 
fibnllaij twitchmgs of the muscles aie observed The urine shows no 
albumin noi sugai and a microscopical examination of the sediment shows 
no casts 
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Blood Bed cell count, 4,350,000, white cell count, 4,600 Hemo- 
globin, 96 pei cent , color index, S9 pei cent Diffeiential white count, 
polymorphonucleai leukocy tes, 5S pei cent , lymphocytes, 40 pei cent , 
large mononucleai leukocytes, 2 pei cent Wassennann leaction m the 
blood negative 

Micioscopical Examination of an Excised Neive One of the enlaiged 
supeificial ceivical nenes was excised for micioscopical examination 
This neive, which was visible beneath the integument, mcasuied 3 5 111 m 
m diametei m the fiesh specimen Stained sections shoved the topical 
picture of mteistitial connective tissue piolifeiation about the individual 
nerve fiber In one place m the specimen, not piciuied m the illustration, 
theie is a proliferation of the endoneunum w ith lound-cell mfiltiation, 
but this is not chaiactenstic of the geneial appeaiance of the specimen 
The following is the leport of the pathologist, Pi of William Ophuls 

Cross sections through the none show n moderate fibrous thickening of the 
peiincurium There is also in places quite a marked round cell infiltration of the 
neive itself villi diffuse thickening of the endoneunum Around many of the 
ner\e fibers the sheath of Ilenle is thickened which has led to the formation of 
concentiic masses of connectne tissue around them Diagnosis, chronic inter- 
stitial hypertrophic neui ltis 

TREATMENT 

IJndei arsenic m the foim of Eou lei’s solution m modeiate doses and 
the employment of the constant galvanic cuirent, considerable improve- 
ment was obtained It is probable, howeter, considenng the chionic and 
piogiessne eharaetei of the disease, that this impiovement is only tem- 
porary, but its course may extend ovei many years and the prognosis as 
far as life is concerned is good 

DISCUSSION 

The beginning of the affection m childhood, the maiked hypei trophy 
of the nerves, the ataxia, the loss of musculai stienglh, the change m 
character of the electrical muscular reactions, the maiked disturbance of 
the sensibility and the lnstopathological findings m the hypeitroplned 
nerve fiber itself establishes the diagnosis of this case on a clinical as well 
as pathological basis The process is evidently in the early stages, as a 
number of symptoms such as the atrophy of the muscles, Aigyll Bobeitson 
pupils and deformity', which may develop at a latei stage, are now absent 
In this connection I wish to emphasize the eaily and great hypei tiophy of 
the nerve trunks, for some have held that this occurs only m the later 
stages of the condition or even go fuithei and believe that m the piesence 
of a marked atrophy the nerve tiunks stand out moie prominently and 
are not really hypertrophied, but only apparently so Erom our observa- 
tion of this case this hypertrophy of the nerve trunks which sui passes that 
seen m two other cases much more advanced, leads us to believe that it 
plays an important part m the clinical picture, and to hold with Dejenne 
and others that we have to deal here w ith a distinct affection 
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THE INFLUENCE OE RADIUM AND OF ITS DECOM- 
POSITION PRODUCTS ON THE FERMENTS * 
THOMAS R BROWN, MD 

BALTIMORE 

Recently radium, its emanations and the products of its decomposition 
01 breaking-down have been coming more and more into eonsidei ation as 
therapeutic agents, not only m skin diseases and diseases with cutaneous 
manifestations, but also m various ^internal diseases 55 of the most diversi- 
fied nature, especially caicmoma and the arthutides, and as this interest 
seems distinctly on the increase and there seems to he a real hope that 
m some, at least, of these diseases a erne may be obtained by this means, 
it would seem of interest to know the exact effect of certain salts or 
products of radium on those substances of such vital importance to the 
body metabolism — the ferments 

As a slight contribution to this subject we have earned on a series 
of experiments on the effects of Radium-Lead, Radium D, E and E fiom 
radio-active ores, and Radium D, obtained from emanations, on certain 
of the ferments of the body, choosing as fair examples the proteolytic 
ferment of the stomach, pepsin, the diastatic feiment of the pancreas 
and the so-called autolytic ferment of the liver These experiments 
have been done in mtio and are, of course, open to the criticism which 

ri: 3PP when one attempts to apply them 

It will be remembered that radium gives oil three lands of ms 
«, 0 ana v, radium itself giving off x-rays and changing into gaseous 
emanations, these m turn giving off x-rays and changing mto BadmmT 
which changes into Badiura B, and this into Badinm 0 giving off “ a 

:t r gl Z’Z R :»r 0 Saimm ^ ^ ^ 
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changes take place very rapidl) — in fiom llnee to twenty-eight minutes 
— hut much moie slowly — m fiom six to 143 jeais — m Radium 
D, E and E By means of the eleclioscope we can measure the gaslike 
ladium emanations and determine their amounts m certain units — 
Mache units Besides radium, obtained from pitchblende, we have othei 
ladio-active substances which will piobably find subsequent theiapeutie 
u«e such as thoiium and actinium 

As to the effects of ladium and its decomposition pioducts on the 
body-tissues, the skm was obuously the first to be studied, and its changes 
undci the influence of ladio-actne substances aie well known , m nnld 
cases we woll find ledness with swelling and pain, but a letum to the 
nonnal in about two weeks, in model ate cases, the foimation, m addition, 
of vesicles healing, but with atiophy, m fiom foui to six months, and m 
seveie cases, complete neciosis with ulceiation, healing and seal foimation 
being extremely slow 

As regards the effect of radium on othei tissues, azoospermia can be 
pioduced m animals by exposuie to its laj*, and also degenerative changes 
m kidney, spleen, bone-mari ow and intestinal follicles, as w ell as changes, 
sometimes very giaie, m the cential neivous system Bickcl and Beigell 1 
suggested that the efficacy of many nuneial wateis might be due to the 
radium-emanations which they demonstrated m the wateis of Wiesbaden 
and of othei spas, this piobably explaining the much le=s marked effects 
produced by the bottled w r ateis than by those drunk dncctl 3 r from the 
souice, a« the emanations are rapidly lost, accoidmg to these obseiveis, 
m foitj -eight liouis at the longest They also showed that the radio- 
active Wiesbaden-Kochbi unnen actuates the peptic ferment of the 
stomach, and thus counteracts the inhibiting effect of the salts themselves, 
as shown bj Schmidt, Pfeiffer, Walbeig and others, in the ease of certain 
mmeial wateis which liaie lost then ladmm-emanations by standing 
Podan, howevei, showed that ladium-emanatiom lime no especial influ- 
ence on the hydiochlonc acid of the gastnc ,imce 

In oui senes of experiments we haie studied the influence on pepsin, 
panel eafic diastase and the autolytic feiment of the lnei of the follow r - 
mg substances (1) Radium-Lead powder, (2) ladio-actne oies shaken 
up with watei and with lead chlorid (PbCl_.) m solution m excess, one 
containing Radium D with a veiy small amount of Radium E, and being 
veiy slightly radio-actn e, the othei, containing Radium 13, E and E, 
being veiy ladio-active, while m oui thud gioup of experiments we used 
Radium D obtained from radium-emanations, 4,800 e c of oidinai} r tap 
water impregnated with 50,000 Mache units being evapoiatcd to about 

1 Bickel and Beigell Ztscln f klm Med , 1005, lvui, and Yeihandl d Con- 
gress f mn Med , x\n, 157 
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250 c c., radio-activity now being but 0 3 Mache nmts pel c c , i e , 
seventy-five m all 

As to the methods employed tor the quantitative determination of 
the pepsin and diastase, but a few words are necessary For pepsin, we 
used the edestm method, putting into each of a row of tubes 2 c c. of a 

0 1 per cent solution, made with hydrochloric acid of the acidity of 30 
(decmoimal HC1 30 cc distilled water 70 cc ), to each of which row 
of tubes we had previously added fiesh gastnc juice (from the dog) m 
decreasing amounts, 0 5 c c in the first, 0 25 e c m the second, 0 125 c c. 
m the third, etc , bringing up the amount of the fluid m each tube to 

1 cc with hydrochlouc acid of acidity equal to 30, as at this degree 
of acidity the peptic action seems to be at its optimum To each of the 
tubes we then added a certain numbei of cubic centimeters, three or five 
of the solution to be tested , to another row of tubes of the same number of 
cubic centimeters of the conti ol-fluid, distilled water, or evaporated tap 
water as the case might be, the tubes were tightly coiked, kept m the 
thermostat at 37 5 C for twenty-four houis, and then tested with a few 
cubic centimeters of saturated sodium ehlond (bTaCl) solution, to deter- 
mine by the white precipitate formed m which tubes edestm still remained 
undigested The limit of digestion was expressed m units , i e , the 
numbei of cubic centimeters of 0 1 pei cent edestm solution which would 
be completely digested by 1 c c of pure gastric juice 

The diastase was determined by the Wohlgemuth method, 5 c c of a 
1 per cent starch solution being placed m each of the row of tubes with 
pancreatic juice m decreasing amounts, and aftei the addition of a 
certain amount of the substance to be tested or of the control-fluid, 
and 1 c c of toluol to each tube to inhibit bacterial action, the tubes were 
tightly corked kept m the theimostat for twenty-four, forty-eight, sev- 
entjr-two or ninety-six houis, and then tested with decmormal 10 dm 
solution The digestive power of the juice was again expressed m units , 
l e , the number of cubic centimeters of 1 per cent starch solution which 
would be completely digested by 1 c c of pure pancreatic juice In these 
experiments the gastuc juice was obtained absolutely fresh each time 
from a dog with a Pawlow stomach, while the panel eatic juice, of which 
we used two specimens from two dogs, had been obtained a little while 
before from dogs with operative pancreatic fistulas, and, after the addi- 
tion of toluol, kept in flasks tightly coiked m the ice-chest until needed 

Before describing the method used for the estimation of the splitting 
pioduced by the autolytic feimcnt of the liva , it might be of interest to 
saj a few words about this ferment 

The numerous activities of that oigan, so important m the inter- 
mediary metabolism — the liver — are intimately connected with fer- 
ments , although we have not found as yet the ferment for every metabolic 
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process in tins oignn, ncy ci thetas it is highly piobablc that it is piesent 
Among the fciments ahead) found in the lnci may be mentioned a fer- 
meni which splits pol)pcpiid=, arguing which acts m the formation of 
mea a nuclease, a dia«ta«c, a prlycoly tie feiment, *eyeinl ox)dases, a 
katalase, a lipase and an enteiasc, accoiding to Jacob) these fciments aie 
not each in its special t)pe of cell, but the colloid feiment-moleeules aie 
m one and the same cell, although definitely «epaiated fiom each other 

hi companion yyith the clo-e ieln{ion c hip existing between the Iner 
and the metabolism of the carbohydrates, that between this organ and the 
piotcid metabolism is comparatncl) loose, although it is not piohnble that 
tlie cut no piotcin synthesis has taken place dui mg the passage of the 
ammo-acids thiough the intestine wall, but probabl) a part goes through 
unchanged into ihc cu dilation and is synthohml m the In or and other 
oigans In IS ! (> Salkowski 1 brought foiwnul the Mew that the splitting 
of fhe protein m the oigans d urine life is caused In mtiaccllular fciments, 
the pm in bases being split oft fiom the nucleopiotcms and nuclemic 
acids n Accoiding to Neumeistcr and Jacob) there is no doubt at present 
of the constancy of these autohtic nppcaiances dependent on mtraeellulai 
fei merits, piobnbl) specific m character Salkow=kr 2 3 4 5 found that if fiesh 
lnci is fine]) cut up and chloroform water added to prevent bacterial 
decomposition, protein digestion takes place rn considerable amount In 
aseptic autolysis, Magnus- Ley y '• found lactic acid, acetic acid, butyric acid 
and carbon-dio\ul gas The question whether the autohtic processes are 
to he legal ded as post-mortem phenomena or whether it can be assumed 
that they play a idle during life is still under discussion, but the great 
yy eight of opinion is in fay or of the lattei yiew, r c, that proton can he 
broken down m the lnci during life into its separate constituents 

The method employed In us to determine quantitatively the extent 
of tins nut oh/sis was practically the some ns that used by Salkowski and 
^as as follows Thirty grams of vei) find) hacked fiesh dog’s livei was 
put into a series of flasks, into each of which 50 ec of the fluid to be 
tested or of the control-fluid rnth 0 5 cc puie chloiofoim (or a certain 
yy eight of substance, if a solid yyas used), and then enough freslil) and 
carefully made 1 per cent chloioform-water added to make the total 
amount of fluid m each flask 300 c c After being yvell shaken the flasks 
weie tightly eoiked, made air-tight yvith parafiin and placed in the thermo- 
stat at 37 5 C At tlie end of twenty-foui and forty -eight hours, 50 c c 
of the supernatant fluid was pipetted off from each, the corks replaced 
and the flasks again made air-tight, while at the end of seventy-two hours 
m certain experiments ninety-six hours m others, 50 cc of the fluid 

2 Salkowski Ber d doutscli chcm Gesellsch , 1S96, 719 

3 Salkowski Ztschi f klin Mod, 1891, x\n, Suppl p 79 

4 Salkowski Festsclir f Leyden, 1891 

5 Magnus Levy Beilr 7 cliem Phys u Path (Hoffmeister), 1902, n, 261 
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was filteied off, as the experiment was then at an end The 50 c e of 
fluid was treated as follows One gram of potassium phosphate (K 3 P0 4 ) 
was added, the fluid was boiled for three minutes and then filtered, and 
enough distilled water added to the filtrate to bung it up to 50 ce , 
from 10 e c of this the nitrogen was determined by the Kjeldahl method 
If the poitions of 50 cc each in. the same expeiiment are put m 
small flasks of exactly the same size and shape, kept m boiling water 
m the watei-bath for exactly the same length of time (five minutes, for 
example) and filtered through filter papers and funnels of precisely the 
same dimensions, it will not be necessary to bring up the last filtiate 
to 50 c e with distilled water, and a slight source of possible error will 
be eliminated. 

EXPERIMENTS 

Our experiments were made as follows 

A With Radium-Lead — 

Autolytic Experiments — Two control experiments, two experiments with 

004G5 gr Radium-Lead in each flask, 1 with 0093 gr Radium-Lead 

twenty-four, forty-eight and ninety-six hours 
B With Radium D (E) and Radium D, E, F, obtained by shaking up radio- 
active ores with water, with lead chlond (PbCL) m excess 

1. Autolytic Experiments — One control with distilled water (50 cc) 
one experiment with saturated PbCL solution (50 cc ) , two with 
the very slightly radio-act jve Radium D (E) (50 cc), two with 
markedly radio-active Radium D, E, F ( 50 c c ) , twenty-four, forty- 
eight and seventy-two hours 

2 Diastase Experiments — One series of twenty-four hours with 5 c c of 

distilled water, saturated PbCl 2 solution, Radium D (E) and 
Radium D, E, F, two series of forty-eight hours, and one of ninety- 
six hours 

3 Pepsin Experiments — One series with 5 c c of distilled water, saturated 

PbCL solution, Radium D (E) and Radium D, E, F, one series — 
•v the same without the distilled water control, one series — the same 
as the first but with 3 c c of fluid m each tube 
C With Radium D, obtained by evaporating 4,800 c c of ordinary tap water 
impiegnated with 50,000 Mache units of radium emanations to about 250 
cc, the radio-activity by this being reduced to 75 Mache units m the entire 
quantity of fluid, and as control 4,800 c c of ordinary tap water evaporated 
to about 300 ec (radio-activity=0) 

1 Autolytic Experiments — Control (50 cc), one experiment with 

Radium D (50 cc ) , one conti ol and one experiment using only 12 
gm of liver m each flask, 50 c c of control water and Radium D 
water and chloroform watei to 120 c c 

2 Diastase Experiments — One series of twenty -four houis, two of forty- 

eight hours, and two of nmety-six hours with 5 c c of Radium D 
and control-water, one series of forty-eight, one of seventy -two and 
one of nmety-six hours with 3 c c , one series of twenty-four and 
one of forty-eight hours, with 5 c c of distilled water, unfiltered con- 
trol-water and filtered control-water 

3 Pcpsm Experiments — One series with 5 c c of Radium T> and of the 

control-water. 
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A consideration of the figuics and the appended tables will justify 
ns m di awing the following conclusions 

In lcgard to the aitioh/iic foment of the liver, none of the substances 
used, Radium-Lead, Radium D (E) and Radium D, E, E, fiom radio- 
active 01 es oi Radium D fiom the emanations, had any effect whaler ei, 
the figuies of the expenments and of the contiol being practically iden- 
tical, the higher tiguies with lead chlond solution than with distilled 
natei suggest that this *alt mnj have a distmctl} activating effect on 
nutohcis, and we hope subsequent!} to stud} moie thoioughly the influ- 
ence* of this and other salts of the hea\y metals on this most interesting 
t}pe of ferment action. 

As icgaids the dwstatic foment, with Radium D (E) and Radium 
D, E, P from ladio-active ores, the foimer — veiy slightly radio-actne — 
had piactically the same effect ns the control — the c atuiated solution of 
lead chlond while the a cry indio-actne Radium D, E, P had a marked 
inhibiting effect, in all these fluids with lead chlond in solution m excess, 
the feiment-action was distinctly inhibited ns compared to the action of 
distilled wntei With Radium D obtained from the emanations compaied 
to crapornfed tap wntei (markedh alkaline in this case), each containing 
considciahle sediment and quite a lnige amount of salts, as m each ease 
4 SOO ec of ordinal} tap watei was e\apoiated to about 300 cc, most 
of the expenments showed that the Radium D obtained m this way had 
a stimulating effect on the diastase, this being more maiked the longer 
the tubes were allowed to remain m the theimostat and the greater the 
amount of fluid used A compan c on between the evapoiated water, rich 
m salts and sediment, and distilled water showed that the former had a 
maikedl} stimulating eflcct on diastase, this actuation being due to the 
salts m solution and not to the sediment 

As icgai ds pepsin, with inspect to Radium D (E) and Radium 
D, E, P each of course, with lead chlond piesent m excess, the radium 
piepaiations showed a slight inhibiting effect as compaied to the satu- 
rated lead chlond solution, this being more maiked with the \ery radio- 
active Radium D, E, P, a compnnson between distilled watei and 
salurafcd lead chlond solution showed that the lattei had a maiked inhib- 
iting effect on pepsin, just the opposite of its effect on autolysis The 
results with Radium D obtained fiom the emanations were inconclusive, 
due to the lack of matena], but the one experiment performed seemed to 
suggest that the effect was slightly inhibitory 

RECAPITULATION 

Thus, to recapitulate, none of the radium prepai ations used seemed to 
have anv effect on the autolyiic feiment of the liver, although satuiated 
lead chlond solution appeared to activate it, with diastase the very radio- 
active Radium D, E, P possessed an inhibiting effect, while the Radium D 
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from emanations had a stimulating effect, this increasing -with the length 
of time and the amount of fluid used, while this ferment is also markedly 
activated by the salts m evapoiated tap water, with pepsvtv we found a 
slight inhibiting effect, moie marked with the very radio-active Radium 
D, E, E, although slight m comparison with the inhibiting effect of 
satuiated lead chlond solution 

The detailed figures of the experiments follow 

Tables for the Action of Radium and Its Decomposition Products on the 
Ferments (Autolytic Ferment of Liver, Diastase, Pepsin) 

A Expei iments with the Autolytic Foment of the Liver 

First Senes of Experiments witli Radium Lead (Radium-Blei) 

Liver, Chlorofoim-Water j 




gm 


c e 




I 

30 


300 

( Control ) 


II 

30 


300 

( Control ) 


III 

30 


300 

00465 

gm Radium-Lead 


IV 

30 


300 

00465 

gm Radium-Lead 


V 

30 


300 

0093 

gm Radium-Lead 


Results (Expressed Both incc 

of N/10 NaOH and in Nitrogen) 


After 24 Houis 

After 48 Hours 

After 96 Houis 

I 

3 46 c c 

( 004858 gm ) 

6 33 

c c 

( 008887 gm ) 

9 03 c e ( 012678 gm ) 

II 

3 25 c c 

( 004565 gm ) 

6 51 

c c 

( 009140 gm ) 

8 93 cc ( 012538 gm ) 

III 

3 43 c c 

( 004818 gm ) 

5 S3 

c c 

( 008185 gm ) 

8 33 c c ( 011696 gm ) 

IV 

3 13 c c 

( 004397 gm ) 

67 

c c 

( 009407 gm ) 

9 24 c c ( 012973 gm ) 

V 

3 12 c c 

( 0043SO gm ) 

6 44 

c c 

( 009042 gm ) 

9 2 c c ( 012917 gm ) 


j 

Second Series of Experiments with Radium D (E) and Radium D, E, F, Obtained 
fiom Radio-Active Ores with Lead Chlond (PbCl 2 ) m Solution in Excess 


Liver, Chloroform-Watei 



gm 

c c 

I 

30 

300 

II 

30 

250 

III 

30 

250 

IV 

30 

250 

V 

30 

250 

VI 

30 

250 


Results (Expressed Both incc 


( Control ) 

50 c c sat Pb CL sol 5 c c CHC1 3 
50 c c Radium D (E) sol 5 ec CHC1 3 

50 cc Radium D (E) sol 5 cc CHC1 3 

50 c c Radium D, E, F, sol 5 c c CI-IC1 3 

50 c c Radium D, E, F, sol 5 c c C1IC1 3 

of N/10 NaOH and m Nitiogen) 


After 24 Hours After 48 Houis 


After 72 Hours 


I 7 2 c c ( 01008 gm ) 

II 10 7 c c ( 01498 gm ) 

III 11 3 c c ( 01582 gm ) 

IV 11 4 c c ( 01596 gm ) 

V 10 9 cc ( 01526 gm ) 

VI 10 6 c c ( 01484 gm ) 


8 24 c c ( 01154 gm ) 

12 4 cc ( 01736 gm ) 

13 9 c c ( 01946 gm ) 
12 9 c c ( 01806 gm ) 
12 2 c c ( 01708 gm ) 
12 6 c c ( 01764 gm ) 


10 82 c c ( 01515 gm ) 

15 7 c c ( 02198 gm ) 

16 0 c c ( 02240 gm ) 
15 6 c c ( 02184 gm ) 

15 7 cc ( 02198 gm ) 

16 4 c c ( 02296 gm ) 


Third Series of Experiments with Radium D Obtained fiom Emanations 


Control Water 4800 c c of oidinary (tap) water evaporated to (about) 300 
c c , radio activity =0 
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r^nnnfT’l P 5" 4800 J* C » ° f ° ra ' nftr >, (tip) wnter with 50,000 Macho units 
cvnpoiuted to ~50 c c Radio nctnilj of 1 cc (nflcr c\npor«ition)=3 Maclie 
unit, 1 c, /5 Mnche units in the 230 c c. 1 

Chloroform 
Whiter, cc 
ij 5 c c 70 

CIIC1, 5 c c. 250 

CIIC1, 5 cc 70 

5 c c 250 



Ln er 



gm 


I . 

. 12 

Control Water 50 cc 

II. 

30 

Control Water 50 c c 

Ill . 

.. 12 

Rndium D Water 50 c c 

IV. . 

30 

Radium D Water 50 c^ 


Results (Expressed Doth in cc of 2s/10 KtiOII nnd in Kitrogen) 


After 21 Hours 
1 03 c c ( 00003 gm ) 
5 1 c c ( 00750 gm ) 
III 4 08 cc ( 00007 gin ) 
IV. 5 1 cc ( 00714 gin ) 


I 

II 


After 48 IIouis 
S 50 c c ( 01203 gm ) 

7 0 c c ( 01100 gm ) 

R FTpenments ici th Diastase 

Second Series of Experiments with Radium D (E) nnd Radium D, E, F, Obtained 


After 72 Hours 
0 03 c c ( 01393 gm ) 
108 cc ( 01512 gm ) 

10 23 cc ( 01439 gm) 

11 2 cc ( 015G8 gm ) 


fiom Radio Aotne Ores with Lead Ciilorid (l*b Cl.) in Solution in Excess 


(«) 


(b) 


Diastase in Stnrcli Units 
In 2 t Hours In 48 Hours In 90 Hours 


Substance Used 

5 cc distilled IT.O 
5 cc Pb Cl 5 solution (Sat ) 

5 cc Radium IJ (E) sinter 
5 cc Radium 1), E, F, water 

5 cc distilled water 
See Pb Ct solution (Snt ) 

5cc Radium D (E) wnter 
See Radium D, E, P, water 

Second Series of Experiments with Rndium D Obtained from Emanations (See 

Under Aulol^tic Experiments) 


2500 

2500 

2500 

1280 

1280 

12S0 

1230 

12.80 

1280 

320 

320 

320 


1230 



040 



010 



80 

IG0 



Substance Used 

Diastase in Starch 

Units 

(«) 


In 24 

In 48 

In 72 

In 90 



Hours 

Hours 

Hours 

Hours 

5 c c 

8linhcn, evnpornted water 

25G0 

2500 

, 

2500 

5 c c 

shaken Radium D water 

3S40 

5120 


10240 

(b) 






See 

shaken, evnpornted water 


2500 


2500 

5 cc 

shaken Radium D water 


5120 


10240 

(c) 

3 cc 

shaken evapornted wnter 


1920 

1920 

2500 

3 c c 

shaken Radium D water 


2500 

2500 

2500 

3 c c 

distilled water 


040 

040 

040 

(d) 






5 cc 

shaken evaporated wnter 

2500 

2500 



5 c c 

filtered evaporated water 

2500 

25G0 



5 c c 

distilled water 

040 

040 




C Experiments with Pepsin 

First Senes of Experiments with Radium D (E) and Radium D, E, F, Obtained 
from Radio-Active Ores with Lead Chlorid (Pb CI-) m Solution in Excess 

Pepsin m Edestin Units After 

(a) Substance Used 24 Hours in Thermostat 

See distilled water 04,000 

5 cc Pb Cl- solution (sat ) 12,000 

5 cc Radium D (E) water 8,000 

5 c c Radium D, E F, water 4,000 
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(b) 

(c) 

Second 


Substance Used 

5 e c Pb CL, solution ( sat ) 
o cc Radium D (E) water 
5 c c Radium D, E, F, water 


Pepsin m Edestm Units After 
24 Hours m Tbeimostat 

12,000 

4.000 

3.000 


3 c c distilled water 32,000 

3 c c Pb Cl 2 solution ( sat ) 12,000 

3 cc Radium D (E) water 8,000 

3 c c Radium D, E, F, water 8,000 


Series of Experiments witb Radium D fiom Emanations (See Autolytic 

Experiments ) 

Pepsin m Edestm Units After 

Substance Used 24 Hours m Theimostat 

5 c c sliaken evaporated water 8,000 

See shaken Radium D water 6,000 



PATHOLOGICAL DEVIATIONS IN THE CHEMISTRY OF 

UREMIC BLOOD 11 

NELLIS B FOSTER, XII) 

MW XOUK 

The two iheone- of uiemia tlmt claim most attention at the present 
time are the toxemic and what max be called terminal state — the idea 
tlmt (hi? condition i? not a pathological unit} at all but a final dissolu- 
tion f l he hitter conception is founded moic on the failures of re c eaich 
to elucidate a specific etiological factor than on the lack of a clear-cut 
clinical pietuic Since this idea cannot he tested In inxestigation, it 
demands no speual consultation Ihe Inpothesis that uremia is a toxic 
state, how oxer, 1ms much m its fax or In wn) of analog), and has become 
more or lc«- looted in our minds because of the men xx ho liaxe sanctioned 
tins themx in one form oi anothei. 

As to the nature of the toxic agent the ideas ndxanced ma) be subdi- 
xided under txxo head?, depending on whether the toxic material is sup- 
posed to bo a noi null catabolic pioduct letnmed in the bod) through renal 
failme to eliminate it, oi whether this toxic substance is concened to be 
the pioduct of n pen cited metabolism incident to renal deficiency The 
enilier lnxestigators rmtuiall) advanced the “lclention” theory Babing- 
ton, xxoiking with a ease of uremia under the care of Blight, and Clmsli- 
son, both noted the abnormally high urea content m the blood and 
attached peculiar c ignifieance theieto Likexxise other substances lcnoxxn 
to occui in urine, cieatimn, unc acid, etc, when found m the blood m 
xnemia, were called on to account foi the uiennc sxndiome 

In his conceptions Frcuchs departed from the traditional ideas, inas- 
much as he hehexed, not the urea itself, but a substance formed from mea 
through ferment action, to be the cau c e of symptoms Tins was the first 
suggestion made that the cause of uremic intoxication depended not on 
retained excictory substances, hut on a pioduct of perveited metabolism 
Neaily all of the latei investigations on uiemia, xuth the exception pos- 
sibl) of that of Bouchard, haxe been dnected tow aid the diseox r er) of 
some pioduct of abnoimal metabolism which might account for the ner- 
\ r ous manifestations found m uiemia Estimations of “retention” 
nitrogen and deductions therefrom have been confined m the mam to the 
realm of diagnosis and piognosis 

^'Frorn the medical service of the New York Hospital and the Laboratory of 
Biological Chemistry, Columbia Umveisity, at the College of Physicians and 
Surgeons, New York 
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Since the toxemic theory of uremia lests at present on no demon- 
strated facts, it seems desirable to examine the changes fonnd m the 
blood with a view of ascertaining, in the first place, m how far these 
deviations from normal are explicable by pure renal failure, and, secondly, 
any evidence of disordered metabolism 

From the chemical point of view, blood plasma may be regarded as a 
solution of various crystalloids holding m suspension a number of col- 
loids The latter are various protein, lipoid and carbohydrate substances, 
while the crystalloids consist of both inorganic and organic substances 
Relative to these organic crystalloids it has been repeatedly shown that 
with some of them at least there is a quantitative increase m the majority 
of uremic bloods Qualitative deviations from the normal have been 
claimed by some investigators, but are not accepted as conclusive for tech- 
nical reasons If it were a demonstrated fact, howevei, that m uremic blood 
there exists some qualitative change m the content of organic, non- 
protem compounds, this fact would be of weight m showing an abnormal 
cellular metabolism With purely quantitative changes, however, the 
interpretation would be more difficult Likewise decided changes m the 
colloids, or the presence of an abnormal colloidal substance, could hardly 
be regarded m any light other than fundamentally metabolic Since any 
fact that could be demonstrated relative to abnormal proteins might be 
conclusive, this point was investigated first, although demonstiation 
seems almost impossible m the present state of our knowledge 1 

The chaotic state of knowledge relative to the proteins m blood is 
dependent primarily on the fact that there is no unanimity of opinion 
among chemists as to methods In the first place, sufficient attention has 
not been accorded to the collection of samples for analysis Defibnnated 
blood (plasma), serum and unclotted, centrifugalized blood have been 
indifferently used, with corresponding discordant results 2 Even when 
the same materials have been employed results differed 

That data obtained by using serum expressed from clotted blood can 
give no idea of actual conditions m circulating blood, has been pointed 
out by Porges and Spiro 3 In the separation of globulin from albumin, 
two methods have been commonly employed saturation with magnesium 
sulphate as advised by Hammarsten and Hoffman, and half saturation 
with ammonium sulphate As to the relative meiits of these two pro- 
ceduies there are two geneial opinions Against magnesium sulphate it 
has been asserted that this salt precipitates not only globulin, but a 
fi action of the albumin also 4 

1 See papers of E Freud and E Abdei balden relative to albumose m dog 
blood Biochem Ztscbr , 1908, vn, vm, ix, x and xi 

2 Hoffman Arcli f p Patli u Pharm , 1883, xvi, 183 

3 Porges and Spno Beitr z chem Physiol u Path , 1902, ni, 277 

4 Heynsius Aicli f d ges Physiol, 1884, xxxiv, 330, Marcus Ztscbr f 
pin siol Chem , 1889, xxvm, 559 
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On (ho oilioi bawl, objections lime been made to the use of ammonium 
Milphalc* ns a ie agent. Wicnci contends that othci piotems than globulin 
aie tbrovn down In half fatmation tinier the serum be much diluted 5 * 
It appears that if the sounn he *.uecp«i\cly diluted and half satuiated 
" u!l nnnnonimn Mitphnto. loss pioicin is precipitated than when undiluted 
serum i« med Tin* difierence may amount to 20 pei cent Haslam 0 
l)elir\es that onc-hnl f cntuiation with ammonium sulphate does not 
lomrno nil of the globulin from «cnim, since further saturation effects 
the pieeipifaf ton of a piotein Mibslame, winch on dissolving in water, is 
picupiiated In half «aiuiatmn Tins phenomenon is strong}} suggestive 
of ‘‘denntiiintion ” Ku*n loss than half satuiaiion of soium with 
ammonium sulphate n suflicient to jneupitate completel} all globulins 
m the opinion of Knnder 7 In mow of this dispaul} of opinion regnidmg 
a simple ‘•cpnintion if would seem a hopeless undertaking to demonstirte 
the presence or absence of am jirotein substance that senim mat contain, 
and m tins papei no claim is made for the individuality of such sub- 
stances That question has been avoided, to sonic degiee at least, as the 
lcsulis are comparative Isonnal bloods weie subjected to the same pro- 
ceduu's as pathological bloods, and m some cases differences m behavici 
me rccoided 

11 CJIXIC 

Since ‘•oinc of (lie protons in Mood tire rendered insoluble m water after 
contact with alcohol this fact was utilized ns the first step m the method, 200 cc. 
of citrated blood were thorough!} mixed In Blinking with 000 cc of alcohol (95 
per cent , rcdistilh cl with calcium livdrate) After ‘landing for twentv-four hours 
the alcoholic liquid was filtered off with n suction pump, lending a granular 
material in the filter Hn« precipitate was then suspended in 400 cc of distilled 
water, thoroughly mined with toluol ns a preservative, let stand m a stoppered 
tln c k for twentv -four hours, at the end of which time the extract was filtered off 
nnd the slighth reddish, translucent filtrate collected Iho filtrate contained 
considerable protein which was in part removed In bringing the liquid to a boil 
nnd filtering Tins last filtrate was saturated while still warm with ammonium 
sulphate, which caused a further precipitation of protein like flakes After 
standing for twenty -four hours the protein nnd some excess of ammonium sulphate 
were icmoved hj filtration* and the filtrate freed from the precipitating agent by 
means of barium carbonate 'J he final filtrate after tins procedure was vvatei- 
clear and this was evaporated to a small volume (about 25 cc ) on the water hath 

This method was carried out on two samples of normal human blood, and three 
samples of blood from uremic patients 

In the case of two of the uremic bloods the final filtrate gave faint hut distinct 
biuret reactions An endeavor was then made to precipitate any protein still in 
solution by adding 500 cc of absolute alcohol At first no change was notable 
hut in the course of an hour the material had taken on a milky appearance nnd by 


5 Wiener Ztschr f pliysiol Cliem , 1911, xxxiv, 29 

G Haslam Jour f Phjsiol, 1904, xxxn, 207 

7 Knnder Arch f exper Path u Pliaim, 18SG, xx, 411 
S Much more of the excess of ammonium sulphate might liave been precipi- 
tated with alcohol at tins point, nnd the concentration of liberated ammonia con- 
siderably reduced, although it is unlikely that the evolved nmmomn had any 
matenal effect on the products 
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the next day a small amount of wlute precipitate collected on the bottom of the 
beaker leaving a clear fluid This precipitate was filtered off and redissolved m 
water 

The watery solution gave the following reactions Potassium mei- 
eurie lodid and hydrochloric acid caused a turbidity, as did also phos- 
photungstic acid and Millon’s leagent Tannic acid gave a small amount 
of slightly brownish precipitate The Hoplans-Cole reaction was nega- 
tive Trichloracetic, chromic and phosphomolybdic acids failed to cause 
change These reactions were concordant with two samples of uiemic 
blood With the third sample and with two normal bloods theie was no 
precipitation whatever with absolute alcohol 

An attempt was made with other samples to rid the solutions of 
ammonium sulphate by dialysis, but it was found that the substance m 
question was lost m this way That the substance is readily diffusible was 
demonstrated on a small portion of the alcohol precipitate After twenty- 
four hours 5 dialysis m a collodion sack, nothing could be recovered 

In addition to the investigation of human bloods, dog blood was 
studied ; one normal and one sample from a dog whose renal arteries had 
been ligated forty-eight hours before the sample was collected Both 
samples failed to yield any protein-like substance after the above 
treatment 

The results above recorded are not conclusive as to presence of a pecu- 
liar protein m uremic blood, and by the methods now known any result 
could not escape the criticism that the protein substance recovered might 
ha\ e been produced in the process of isolation 

NON-COLLOID AL NITROGEN 

The consideration accorded to the non-colloidal nitiogen m uremic 
blood has been mainly from the clinical aspect, although it should be 
possible, piovided suitable methods are employed, to disclose a deeper 
significance m the relative distribution of the nitrogen fractions The 
method that has been most used m the past for the separation of the 
blood proteins as a pielimmary to determining the “filtrate 55 nitrogen is 
that of precipitation by means of alcohol This method was employed 
m a preliminary series m order to learn something of the nature of the 
fractions composing the total alcohol-soluble nitrogen The technic uas 
to precipitate the proteins of blood by the addition of four volumes of 
alcohol Aliquot parts of this filtrate were used for the separate 
determinations 

The results of analyses recorded m Table 1 require perhaps a word of 
comment as to their clinical moment It has been quite positively asserted 
and with equal conviction denied that the “filtrate 55 nitrogen is signifi- 
cant, both m diagnosis and prognosis A glance at Table 1 indicates 
that, m general, there is a very considerable increase m the amount of 
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mt logon m flic noplniti*. patients who me sufficiently sick io 
^oek hospital mrl This lun\e\cr. is not an imnmblc lule, and is not to be 
lc-rmded ns pathognomonic. since tlieio me exceptions wheiem \ciy 
^cu'rc ca-e* show nil nppioxnnatch noimal figure for the “filtiale” 
nitrogen Con\cnch, it has Wen opened that high “filtiate” nitrogen 
ocruis with other di-ca-e? than nephritis, f 0 i example, some \ahu3ar 
cases and pneumonia Thu doe- not ulmte all \aluc, but indicates that 
the n*ult* mmt he mteipiefed m the liglit of the whole clinical pictuie 
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As to piognosis, the lesulis of analyses m Table 1 at first glance do 
not appear equivocal Tlieie was, m those eases m which moie than one 
examination w r as possible, a heaping up of catabolic pioducts as death 
approached which amounted to an enoimous jnciease ovei the noimal 
blood content But that only one analysis gn os little mfoimation as to the 
immediate outcome ol the case unless the “filtiate } nitiogcn is ieiy high, 
is shown by the i emits foi those cases m which the patient did well 
notwithstanding the evidence of letention And one ease is of iccoid m 
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which typical uremia resulted m death although the blood analysis would 
have indicated an excellent prognosis When the total alcohol-soluble 
nitrogen is 1 gm , or over 1 gm per liter, the piognosis is probably to be 
regai ded as extremely grave, since of eight such cases five terminated 
fatallv But m order to mterpiet laboiatoiy results of this nature with 
accuracy it is necessary to estimate with a greater degree of nicety than 
we are now able, the efficiency of the heart muscle It is, m many cases 
of uremia, by no means easy to deteimme whether death is due primal lly 
to a toxemia or to a failure of the circulation There are cases m which 
the toxic element m the clinical picture is predominant, m otheis the 
uremic state is overshadowed by evidences of cardiac incompetence, then 
the third class m which both factors are detectable, but an evaluation of 
their relative importance m causing death is most difficult It is possible 
that the cardiac element is the explanation of the fatal issue m some of 
the eases in which "retention” nitrogen is not very much above noimal 

The percentage of the alcohol-soluble nitrogen that is found as urea 
nitrogen is extremely variable and seems to bear no constant relation to 
the total alcohol-soluble nitrogen The urea nitrogen may constitute as 
much as 90 per cent of this total nitrogen, or be only about 36 per cent of 
it What substances contain the remamdei of the nitrogen has been deter- 
mined only m part In but a few instances was there sufficient matenal 
available foi searching analyses It was found that on evapoiation of the 
alcohol from a portion of the alcohol filtrate the lesidue has a fatty con- 
sistency and it was conjectured that lecithin 9 or some other mtrogemzed 
fat would be detectable A specimen of uremic blood was examined with 
this point m view 

An aliquot portion of the alcohol filtiate was evaporated to dryness in a 
vacuum evaporation appaiatus at a temperature of 35 C A drop of acetic acid 
vas added to prevent the escape of any ammonia during the desiccation The 
fatty residue aftei being mixed with sand was extracted with diy etliei m a 
Soxlilet apparatus for forty-eight hours and the nitrogen content of the ethei 
extiact estimated The lesults of complete analysis of the serum weie as follows 

Gm per L 


Total alcoliol-soluble nitiogen 0 53 

Ui ea + ammonia nitrogen 0 28 

Ammonia nitrogen 0 03 

Etlier-soluhle nitiogen 0 19 


The figure for ether-soluble nitrogen is probably too high since even 
with dry ethei it is possible that some urea may go into solution Also 

9 Letsclie Beitruge zur Kentmss dei organisthen Bestandteile des Seiums 
Ztsclir f physiol Cliem , 1907, lm, 31 
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those mnv lm sn blond, oilier-soluble sub'-innees containing nitrogen tliai 
me not lipoid- In the cn<-o of n clog whose meters had been ligated about 
the-wie pet cep (age of ct hoi -soluble nitrogen was found m tlie blood 
r I'ho method of piceipitnimg ihc protein from blood by alcohol lead' 
to no act in ate coin option of the i dative piopoi lions of the \ai ious nitrog- 
enon« fractions m the blood, since alcohol may he regarded as a selective 
*'Ohcnt m which c ome Milidaneos would not go into solution (e g, purms, 
m put), and homo not appear m the hlliate Tt is of interest, never- 
tlide^ to compare in tins (omiection various samples of blood subjected 
<0 tins came prooedme dhe accompanying table (Table 2) shows the 
roults of an ah -os of urunio blood, tompnied with analyses of blood m 
acute Knnl suppie-=ion (sublimate poisoning) and with analyses of the 
blood of n dog whose lonnl arteries had been ligated about forty-eight 
hour* bcfoie the blood wn« ta!;cn The quantitative change m the filtrate 
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nitrogen resulting on the suppression of renal activity (mercury poison- 
ing. 10 ligation of renal artery 11 ) approaches that found m the severe 
grades of uremia In the ailificml conditions, hovvevei, tlieie me none 
of the manifestations recogmVed clinically ns uremia. , 

The question natural!} arises at this juncture as to how* much the 
quantitative deviations m the filtrate nitrogen represent purelv a sup- 
pression of renal function and to what extent they may be mterpieted as 
a morbid metabolic piocess In order to gam any insight into this 
problem anotliei method than that of removal of the blood proteins by 
alcohol must be employed The requirements to be met by a suitable 
process are the removal of all the piotem and fatty substances from the 

10 Umber ClmulC Ann, ID 03, xxui, 100, -v Jaksch, Leyden Festsclir, 1902, 
j, 197 

11 Brown-SCquard Arch de physiol, 1893, v, 777, Ascoli Leri him 
Wchnschr, 1902, 561, G34, Soetbeer Ges in Giessen, 1908, xxm, G 
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blood without affecting the solubility of other substances , m short, a sepa- 
ration of colloids The method should not be harsh enough to cause the 
formation of cleavage products from the protein On this score objection 
can be made to practically every method that has been employed m the 
chemical investigations of blood The absorption methods of Eona 1 -' aie 
perhaps least open to criticism, because no violent treatment of the blood 
is necessary, 5 et all the proteins are completely removed Whether other 
substances than proteins are removed also can be determined only h\ 
control observations employing varied procedures 13 

The kaolin adsorption method of Eona and Michaelis was devised to 
investigate the question of whether sugar exists m the blood m a colloidal 
state Theoretically this method will remove from the blood only such 
substances as are held m colloidal suspension It is always possible that 
other materials may be mechanically (or by adsorption) removed as well, 
but of this little is known The chief objection m its application to the 
question under investigation is that hemoglobin is not readily adsorbed 
by kaolin, which necessitates the use of serum instead of whole blood 
This, however, is not a serious deficiency as it is possible to derive purely 
comparable results Tlie method employed is to dilute the serum, one 
part of seium to fifteen or twenty parts of distilled water, five drops of 
strong acetic acid being added to the diluting water The proportions m 
the dilution must be exact to admit of quantitative estimation To the 
diluted serum kaolin is now added, 20 gm of kaolin to each 100 c c of 
the fluid The kaolin should be introduced m small portions, shaking the 
mixture repeatedlv After standing for an hour the material is filtered 
If the piocedure has been properly done a water-clear 14 filtrate results 
which gives no biuret reaction The filtrate from normal blood serum 
tieated m this way yields a slight whitish precipitate with phospho- 
tungstic acid reagent, but no effect is produced by Millon’s reagent nor 
by potassium mercuric rodid There is no precipitate with tannic acid or 
phosphomolybdic acid In a number of instances the filtrate was con- 
centrated m a vacuum pan at a temperature of 35 C m order to render 

12 Rona and Michaelis Biochem Ztsclir 1908 vn, 329, 1909, xvi, 60, Oppler 
and Rona, Ibid , 1908, xm, 121 

13 If blood is a compound, as some investigators, notably of the French school, 
maintain, ■wherein all the different ingredients exist in a state of chemical union 
with each other, then any knowledge of the actual relationship must be out of 
the question at present 

14 Slight coloring of the serum with hemoglobin does not mteifeie with the 
lecovery of a protem-free filtrate, but bloody seium can not be employed 

Dr Walter Eddy endeavored to recover proteins from the kaolin mixture left 
on the filter and found that this could be effected only m part and that the process 
of recoiery changed the proteins to metaprotems 
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tl ho fiHinfc fioin meuuo blood i* not uniform in all of the reactions 
secured Theie is ns 'uth the normal, a slight precipitation on the 
addition of pho-photung-lie acid Both potn**uun meicunc lodid and 
million's 1 on gent gave piocipifnte* m a few mstanees but these reactions 
v,ere not common to nil blood* examined There v,n* no piecipitate caused 
In tannic acid 

f lhc filtrate exammed aftir i onoentrahon foi mdol by mean* of 
mdican. Obcnnnui * icagont. but it was not detected m nnj instance 
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This is of special mtcicst since Obermayer and Poppei found mdican 
peculiarly constant ns an mgiedicnt m uremic blood 15 The subject of 
mdican in blood will be dealt with subsequent!} 

The quantitative estimations of the various nitiogcn fiactions in the 
filtrate were made by the usual methods , total nitrogen by the Eyeldahl 
method, uiea by Benedict's, ammonia by Fohn’s and purms by the 
Kruger-Schmidt metliod The lesults of these analyses aie shown m 

15 Since it seemed possible tlml mdican might be removed by kaolin, mines 
were tested by mi\mg with kaolin and acetic acid The filtrate gave reactions 
equally ns strong as tlio untrented urine 
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Table 3 The values found for the various nitiogen fractions aie m 
general about the same as those of other investigators, m some cases, 
howevei, the absolute quantities are considerably higher, though the 
percentages are not exceptional 10 

The notable feature m the results of these analyses as m Table 1 is 
the variability that is indicated m the amount of “filtiate” nitrogen m 
uremic blood More than that, not only is the amount of total nitrogen 
bounded by no definite limits, but also the laigest fraction of this total 
nitrogen urea, bears no constant relation to the total In fatal cases the 
urea nitrogen is 35 to 70 per cent of the total nitrogen while m the less 
severe cases the extremes are 39 to 78 per cent Theie is not m the results 
here recorded any substantial evidence m suppoit of a possible abeyance 
of the urea-forming function which might lead to an accumulation of 
precursors of urea m the blood, since with some small mild cases, at least, 
the relative amount of urea is as low as with fatal cases The absolute 
amount of undeteimmed nitrogen — which is the fraction of peculiar 
interest — m some instances (Case 15) suggests a very gieat concentia- 
tion, but apparently this appears only when theie is a high degree of 
renal suppression It is surprising, perhaps, that this is the case, because 
with a failuie to excrete unne the nitrogen substance chiefly affected 
would be urea, a relatively slight retention of which would increase the 

16 v Jakseh precipitated the proteins with phosphotungstic acid and found 
from 2 to 3 gin per liter of “filtiate” nitiogen of which 95 per cent was urea 
These figures for total “filtrate” nitrogen are too low, since phosphotungstic acid 
piecipitates many non-protein nitrogen compounds, v Jakseh See Note 10 

Ascoli used sodium clilorid and acetic acid to remove proteins His values for 
total nitrogen are 0 94 gm pei liter in cases of atiophic kidney, 0 48 gm m 
parenchymatous nephutis, and 0 99 gm per liter m uremia Pfiuger’s Arch f 
path Anat, 1901, lxxxvii, 103 

Straus employed heat and acetic acid to coagulate the proteins He found an 
average of 0 8 gm per liter m cases of interstitial and 0 39 gm m parenchymatous 
nephritis With uremia the “filtrate” nitiogen was increased to over 1 gm per 
liter He also noted considerable variations Die cliromsche Nierentzundung m 
llire Emwirkung auf die Blutflussigkeit und deren Behandlung, Berlin, 1902, p 68 
Umber precipitated by means of alcohol and fractionated the filtrate with 
phosphotungstic acid The average amount of total nitrogen found was about 1 4 
gm per liter of which 90 per cent was urea This very high proportion is the 
result of the method Chantd Ann , 1903, xxvn, 160 

Holilweg used acetic acid, monopotassium phosphate and half saturation with 
sodium clilorid to free the blood fiom protein In uremia he found considerable 
variation, between 8 and 3 0 gm per liter, the latter amount representing the 
conditions shortly before death In some cases of nephritis m which the patients 
died vnthout uremic symptoms equally high values were obtained for the total 
filtrate nitrogen Deutsch Aich f klm Med, 1911, civ, 216 

Obeimayer and Popper, using heat and acetic acid to coagulate the proteins, 
found the filtrate nitrogen m uremia between 0 7 and 4 4 gm per liter, of which 21 
to 90 per cent is composed of urea Ztschr f klm Med , 1911, lxxn, 333 

The estimations of Widal and his collaborators were made with the hypo- 
bromite method which is devoid of accuracy Peisonal letter 
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blood content coiiMdciabh, both ntaoluld} nml ldalndj to the total 
nitiogen 'll ii.it is to sin, with pine retention, as noted m acute renal 
puppie'scion, ibc “hi l ink" nitiogen of the blood mciea c es lapidh, and 
all of (be fndois composing ‘Tillinte*' nitiogen incicnFe equal h, so that 
ratio*- jcnunn fan 3% constant Uicn nitiogen remains tlie chief com- 
ponent m the blood as it is m the m me c o long ns cellular conditions do 
not change and the percentage of total “filtinte’* nitrogen iccoiered as 
urea is relnlneh high. The conditions that might he expected and aie 
found m the blood ruth pure ablation of lcnnl function me not umforml) 
fulfilled in the uterine date, although in lwlmdunl cases thei are 
f uggodtd 

It would he premalm e to attempt to draw conclusions fiom data so 
lad mg in neiotdnnte as tho-e presented m tins pnpci and it must be left 
to fmthet investigation now in progic's to disclose in uremic blood 
dienucal suh-tuKC' winch cither quantitatively or qualitatively present a 
con-taut divergence from normal 

r>ir> Park Avemn 



THE EFFECT OF INTRASPINAL INJECTIONS OF RINGER’S 
SOLUTION IN DIFFERENT AMOUNTS UNDER 
VARYING PRESSURES 

WILLIAM S CARTER, M D 

GALVESTON, TEX 
INTRODUCTION 

• 

Tins paper is piesented as an experimental inquiry into the canse of 
the severe shock which sometimes follows the injection of serum mto the 
subarachnoid space of the spinal cord The sole object of this investiga- 
tion has been to deteimme the mechanical effect on the spinal and 
medullary centers, of mci easing the amount and pressure of fluid m the 
spinal subarachnoid space For this puipose Rmgei’s solution has been 
used, as this contains the different moigamc salts of a 7 eal physiological 
salt solution, and is therefore preferable to the isotonic solution of sodium 
clilond commonly called by that name 

No attempt has been made to use serum m any of these experiments, 
as it was desired to separate the mechanical effect from the obscure symp- 
toms of serum-sickness sometimes produced by injecting a foreign blood- 
serum For this leason Rmgei’s solution was selected, as it contains 
only the inorganic salts of blood-serum (sodium, calcium and potassium) 
m the propoition m which they exist m the noimal blood 

In order that a post-mortem examination might deteimme wthere the 
fluid had been injected, and the parts to winch it had extended during 
the expei nnent, an meit coloring matter -was added to Ringer’s solution 
At first lamp black was tried, but proved unsatisfactorj , as sedimentation 
quickly occurred Liquor caimim was found to answei this purpose, as it 
is inert and non-diff usible The caimin is held m solution by ghcenn 
A mixtuie of 20 pei cent liquor caimim and 80 per cent Ringer’s solu- 
tion was found most satisfactory In this proportion the amount of 
glycerin is only piesent m half the amount used in Toison’s fluid, which 
is isotonic with blood coipuscles and commonly used for blood 
examinations 

IMPORTANCE OE SUBJECT AND OBJECT OF PRESENTING IT 
Sudden death, with symptoms of collapse, extreme pallor, slow heait 
and cessation of respiration has been repoited m some cases soon after 
the mtraspmal injection of therapeutic agents used to produce spinal 

1 10m the Laboiatory of Physiology, Medical Depaitment of the Univeisity 
of Texas 
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anesthesia Bui i( is Tiol piobnhle that spinal anesthesia nil] ever corns 
into geneinl u*e Howcrei, mice FlcuieA discover of an nnfimenm- 
go-ooem c eimn. this method of medication has become an impoilant 
one, ns it ofleis the only hope of lelicf and lias reduced the gioss mor- 
tnltis fiom all cases of enobroflimnl meningitis to about one-fouith of 
uhat it foimerh was and m those cases in winch the serum had a chance, 
to appi o\ i match one eighth of the former moitahl) intc 

i on mi it mi r irons 

!• le'ner mhiscd the leimnnl of an amount of cerebrospinal fluid equal 
to the rolnme of <ct uni injected, thinking that thcicln the mtraspmal 
pios'ine vonld not be dMuibed and nn\ danger from that source could 
he avoided in tins wav. Jt has been found that this precaution is not 



Pig l — Appiualus used in author’s experiments l'or explanation sec text 


sufficient to pie\ent sudden death m some eases, eithex during or soon 
after the injection 

Duiing the iccent epidemic m this state. Dr Abiaham Sophian 
attempted to use the mtraspmal piessure as a guide, hut found it unreli- 
able and unsatisfactory Thus if the mtinspmal pressure was found 
abnormally high when lumbai puncture was first made, he allowed the 
ceicbrospvnal fluid to escape until the prcssuie fell to normal (20 to 100 
mm of water, or fiom 2 to 8 mm of mercury) Naturally one would 
expect that serum could then be injected with safety as long as the pres- 


1 Soplnan, A Jom Am Med Assn , 1912, hu, 843 
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sure did not exceed the original mtraspmal pressuie Dr Sophian states 
that the results by this method were misleading and unreliable. 

The experiments presented m this paper show that m normal animals 
there is the greatest variation In one the respiration will cease when the 
mtraspmal pressure is mci eased to the equivalent of 10 to 15 mm Hg, 
m others the mtraspmal pressuie may be increased above 50 or even 100 
mm Hg before alarming symptoms develop The rapidity with which 
the pressuie is increased seems to be important, but there is some other 
unknown factor of greater impoitanee, probably the susceptibility of the 
individual. It may also be that the distribution of fluid injected varies 
m different animals, accounting for vanations m the amount and pressure 
that may be used with safety m different cases 



Pig ^ (Experiment 5) — Dog’s weight 17 73 kg Upper continuous black line 

=blood-pressure, middle broken line=pulse-rate , lower broken line ( ) 

=respiration, continuous line below=intraspmal pressure m mm Hg 

If it is impossible to fix any limit of safety m increasing the mtra- 
spmal pressure m normal animals, it is manifestly hopeless to do so in 
meningitis in which an extensive inflammatory exudate may interfere 
with the passage of fluid through the spinal into the cerebral subarachnoid 
space 

Dr Sophian has called attention to the great value of blood-pressure 
readings as a guide in withdrawing cerebrospinal fluid and m making 
injections into the spinal subarachnoid space He states that a fall of 
blood-pressure equal to 20 mm of mercury is a safe indication to stop 




4 - s MtcnnLK or t\’iutx,\h urnmnn 

futlhct injf-cf ion , Hint a smith n full should be a pintle not only to the 
qvavUh! but to the tnpuhU t of injecting the mum It is olmous that 
ihf injecting picture and mpidilx of flow can be conhollcd better by 
gu'\n\ injection* than In using « pul on m iingc 

Tboso obsmnlmn? me of the utmost impoitancc, for the} point out 
dnng<i« which had not been pio\iomi\ understood and which are not as 
ut full} apple < nued With a fullei understanding of them ire shall 
ptolmbh he able to awnd them Thcie me a number of reasons x\h) it 
does not seem piadtonblo foi the general practitioner to adopt the method 
sagged d In hi. Snphinn Mam plixMeimis hn\e not 3md experience 
in lining the splnginomnnomder. mid me not familiar with the method 
of making determination? of the hiood-pics-me, compmatneh few have 
the special nppaintu« weded for making the-e operations, time is of such 



I'm a (i;\p XI) — < lines •Omnim; sudden e<3«nlion of respiration, followed 
In romplrfc emliac inhibition foi ao seconds Atiopin i dieted the canine min 
Intion hut failed to lt-lou mpnnfion 


vaUie m instituting piopei ticatment as soon as the diagnosis is estab- 
lished, that it is not always possible to secuie the scmces of a plijsician 
who can take blood-pic=suie dm mg mtraspmal injections, unless it be 
m a hospital 

Again, the piocedme suggested bj hi Soplnan of stopping the injec- 
tion and giving smaller amounts of the senun at a time seems unde- 
suablc The aniimemngococcus seium opeiates localh bx its bactenolxtic 

action It seems especially desnable theicfoie, to give as much as possi- 
ble, within the limits of safety, in or dci that it may leach the base of the 
biam and cxcit its influence ovei the entire area inxohod It would seem 
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moie desirable to avoid tlie danger, if possible, than to limit the am ount 
of the injection 

What are the mechanical effects of injecting any fluid into the spinal 
subarachnoid space? How are the alarming symptoms produced? How 
may the} be counteracted, or what is more impoitant, how may they be 
anticipated and prevented ? These are the mam questions which we shall 
endeavor to answer by the experiments presented m this paper 

PREVIOUS WORK OK THE SUBJECT 

Cushing 2 investigated by experiments on dogs the effect of the cerebral 
compression This was produced by physiological salt solution introduced 
under different pressures into the subdural space through trephine holes 
m the cranium, or into the subdural space m the spinal canal through 
trephine openings in the lamina of the upper vertebra 



Fig 4 (Exp IX) — Cuives of dog with abnormally low blood-pressure A 
slight increase of inti aspmal pressure caused the lespiration to stop without cai- 
diac inhibition Atiopm mci eased the pulse rate but failed to stimulate the 
lespiratory centei 

Cushing found that when the intracranial pressure is increased until 
it approximates the mean blood-pressuie, there is pronounced cardiac 
inhibition, with very slow, shallow and often megular respiration, that 
these effects aie most pronounced when the mtiaciamal piessure is 
increased rapidly and may cause complete caidiac inhibition, lasting from 
ten to twenty seconds , that this cardiac inhibition can be avoided by sec- 
tion of the vagi 

2 Cuslung, II Bull Johns Hopkins Hospital, 1901, xn, 290 




!:;o \nnmr.s op ixrimMij uumcixn 

Gushing found that when (he jnlrncimunl procure appionches the 
mean l>lood-pR=mre a me of blood-pi e--uie follow*, duo to stimulation 
of the uv-onwtot eontei hi the medulla Tins regulator} action of the 
dominating \n*omolor center is c^entml m maintaining the capillary cir- 
culation in the hi am. In this wnj the bloo(l*pic«nrc may lie raided to 
200 nun o 1 men 250 inni of niorcun oi mote, and held there until the 
xasomotoi center m the medulla become- fatigued 

Itolin. quoted 1>\ \\ C TajsIc,' 5 injoited physiological c alt c olution into 
the «piria! coid of niwnak without recognizable effect^ It 1 = probable 
that he onh xn-ed Huall amounts as he cndeaxoied to find whether the 
dS»et- of cttMiin. noxocain and tropneoeam xxore toxic or mechanical, 
" hen thc-e drug' are u a ed to piodure sjunal anesthesia 

MH HO!) or 1 M’l KIMI NTATIO.V 

v no in all rvpemt onls 'iho Mood pressure was taken by can- 
nulas introduced into the carotid arteries One \ ns connected with a mercury 



1 tg 5 ( IX p VI) — ’t\pictl fspmtitcnt of Group II An increase of intr,a«pinnl 
pr< B -ure enured pronounced cardiac inhibition coincident with cessation of respira- 
tion 'J ho lattei condition prrsi-tcd for two minutes (one minute after the ndmm 
lstration of atropin) but the cardiac inhibition completely disappeared within 
one half minute after the injection of ntropin {subsequent intrnspmnl injection 
failed to pioduce cardiac inhibition 

manometer (Fig 1, A) ■while the other was registered by n membrane manometer 
(13) 'I he latter was used especially to detect any changes in the systolic pressure 
that might, lesull from nHcratious in the force of the heart heats, also to show 
any ch rage in the diastolic picssure in case the ansomotor tone might be disturbed, 
as in the pi oduclion of ordinary shock 

A lube introduced into the trachea -was connected with n tnmbonr (C) for 
recording the respirations, and this was arranged to write on the ie\ohwg drum 
on the feime \eitiuil line ns the writing styles of the two manometers mentioned 
abo\e Die time was maiKod in seconds b\ an electromngnet 

Anesthesia — -The animals were kept undci ether uniformly so that sudden 
changes in the circulation or respiration could not he attributed to the anesthetic 
used For tins purpose the inspired an passed through a Mason jar (Fig 1 } D) 


3 Lusk, W C Ann Surg, 1911, Iiv, 449 
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mixed with a perfectly umfoim ether vapor ansmg from ether covering the bottom 
of the jar Light respiratory valves of aluminum disks caused the exhaled air 
to escape without passing through the jar The arrows m Fig 1 show the direc- 
tion of the currents of inspired and expired air In this w ay there was no varia- 
tion m the vapor density at any tune, as the minimum amount of ether for 
maintaining light anesthesia was used 

This method of maintaining uniform anesthesia for long experiments has been 
used successfully m the laboratory for the past two years and eliminates from 
consideration any possibility of a complication from the anesthetic which could 
account for the profound disturbance of the respiration and circulation that 
lesults from mtraspmal injections 

Mode of Injection — The carmin-Rmger’s solution was injected from a gradu- 
ated buiet so that small amounts could be measured accurately The buret (Fig 
1, E) was connected with a needle used for spinal puncture by a short length of 
rubber tubing with a spring pinch-cock A large glass tube, like that used for 
condensers, surrounded the buret This was filled with luke warm water con- 
stantly so that the fluid entered the spinal canal at the bodily tempeiature 

The injecting pressure, under which fluid was forced into the spinal canal, 
was exerted by compressed air The bulb of an atomizer was attached to a T-tube 
in the stopper of a half-gallon bottle (Fig I, F) , a piece of rubber tubing con- 
nected the bottle with the top of the buret; interposed between the two another 
T-tube connected with a mercury manometer (G) so that the pressure of the 



Fig 6 (Exp VII) — Another experiment of Group II illustrating the points 
mentioned under Fig 5 The mtraspmal injections made after the administration 
of atropm caused serious disturbance of respiration without dangerous cardiac 
inhibition The blood-pressure rose fiom the late injections 

compressed air was measured accurately m mm Hg, and could be kept uniform 
within variations of 5 mm 

Spinal Punctures — These were made by needles used foi giving serum m man 
The lower one was introduced between the lumbar vertebue at the level of the 
top of the pelvis , the second spinal needle was introduced one or two spaces above 
the first (Fig 1, S N ) 

The injection was usually made tin ought the lower needle, while the mtraspmal 
pressure was usually taken by the upper one The latter connected by means of 
rubber tubing with a mercury manometer (Fig 1, H) with a T-tube interposed 
between the two The side arm of the T enabled all air to be replaced by Ringer’s 
solution, it also afforded a means of allowing fluid to escape quickly from the 
spinal canal, thereby lowering the mtraspmal pressure 

Difficulty was experienced m getting needles of suitable size for spinal punc- 
ture m dogs The smallei ones are easily occluded and offer great resistance to 
the flow of fluid through them, the larger ones are difficult to introduce between 
the vertebral and often the beveled end punctures the spinal membranes without 
conveying all of the fluid into the subarachnoid space 





d.i: 


Miami x or imtiiml mldwim: 


Si-.m.) fluid from <!.r fi.sl nndle introduced lmt often ,t wns 1!npos 

, , mn ,,ot, J U "’ M ' u,,ul n »<* prolmbh on urcount of the small amount 

nml low pro- urc ... the nornml mum <1 Jrcq.ic.ith the upper needle touched the 
lord hut thi Mood prr-Mn o w m t.i! on before and after the puncture If 
nn\ Mine* follow { d the mtroduc turn of the media*., tain was allowed for this to 
!> oir before starting the injection*. 

,lh(> mtnspm tl f.n sure vei noted In one oh-oner ami called to another who 
rumded it mum dmteh under the registration of (he blood pressure on the revolv- 
ing drum In <n»m of tie < \ pen limits the intraspinnl prc-suro was recorded on 
tin tit mu In a writing 'lvl> 1 <>n a n.ernin nianonieti r, ns Cushing made ,i tracing 
of the inti.vcru.ini pns^ure 

.tu/iVWf — itnmcdia'i Iv after i irh i \perinicnt an nutopsv was made to deter 
n.tm if both medte-. bad pimetwrtd tb<> lnenibj.ines, the locition of the fluid 
inj.ettd, end tin <\t<uil to wlrnh it had ot/ tided to the intracranial cavift 

7he brim and rord win rumned and fi\ed m 10 per cent dilution of liquor 
fonmildi lt\di in ili-t i It* d water Hie aUnltne s ills of tap water came tlie sola 
t Ion and ditTmioii of some of the e uiiiiit injected 

ltl sLI Is 01 1 \PJ itIMl MS 

f J let fii'i i\pcnni'n( \uis made with onh one needle mtioduccd into 
the sjmwl ‘•uImicc hnoul spnie '1 he mtia 5 pmal pie^tne was mcasmecl 



1 ig 7 (1 \p \ III) — \withir <*\pottmenl of Giotip II A slight increase of 
liitia-pinal prc-suio to 10 nun Ilg came el sudden e-issition of res]iiiation followed 
bj abiupt and complete rueliic inhibition Atropm restored the normal heart 
belt within 10 sp( ojiels hut spontaneous respirations onlv started after llirec 
minutes of nrtiflenl ipsjur.ilion 

.SiihscejiK nt to the 1 aelinmist r ltion of atiopin, the mtr ispmnl injection of a 
Jailor amount of RingoiV solution, umler a higher injecting pressure, failed to 
pioduce cardiac inhibition, but eieh liijeelion i educed the rcspnutorv ratogieith 
1 he blood pie- me rose in these late injections as in l'\pei uncut 7 (1 tg 0) 

befoie the injections, miel again after the} had been completed, but tbeie 
was no incicase ovei tlie nonnal (15 mm limgei s solution oi 3 mm of 
meicuij ) 

Injections of 3 to i c c were made at a time, taking fiom tiro minutes 
to tlmta seconds foi each injection as the injecting piessuie mci eased 
Stai ting w ith an injecting pressuie of 30 mm of meicuij r , it was mci eased 
to 50, 80, 100, 120 140, 1G0, 200, 230 and 250 mm of meicuiy at suc- 
ceeding injections 
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A total of 29 c c was injected m a dog weighing 17 73 kilograms m 
the course of thnty minutes, with practically no effect until the injecting 
pressuie had been increased above 100 mm of mercury With an inject- 
ing pressure between 120 mm and 250 mm of mercury, theie was a 
moderate decrease of the respiratory rate, a slight increase of blood-pies- 
sure, with a decrease m the pulse-rate The change was not moie than 
one-tenth of the normal m any one, and the symptoms were not serious 
at any time The animal was killed by chloroform This experiment 
was remarkable for the slight disturbance produced by an enormous inject- 
ing pressure The distribution of the pigment at the base of the brain 
and on the cortex showed that the fluid injected had leached the cerebral 
subarachnoid space but evidently the pressure of fluid within that space 
had not been materially increased 

The mtraspmal pressure was measured throughout the other experi- 
ments, but it was found that there is a wide variation m the extent to 
which it may be mci eased before alarming symptoms develop In most 
instances a iapid tnciease m this pressure was the most important danger 



Fig 8 (Exp XII) — Experiment illustrating Group III Atropm removed the 
caidiac inhibition immediately but failed to lestore respiration Although artifi- 
cial respnation was kept up for five minutes, there was no attempt at spontaneous 
lespiration The injection of 0 010 gm eocam started natural respiration at once 
Four injections after the administration of atiopm caused cessation of lespira- 
tion without cardiac inhibition , after waiting one minute for spontaneous respn a- 
tions each time, the injection of eocam restored natuial respnation piomptly 

signal, but this was not constant, and no limit of safety can be fixed either 
as to the amount of fluid that may be injected, or the degree to which the 
mtiaspmal pressure may be increased 

In some experiments the most serious disturbance of the respiration 
and circulation occurred, with apparently very little or no increase of the 
mtiaspmal pressure In these it is probable that the opening of the 
needle was occluded by membranes or by a clot, so that the actual mtra- 
spmal piessure was not registeied by the manometer Experiments 6 and 
8 lllustiate this point Every effoit was made to clear the needle when 
this condition seemed piobable, but it is impossible to be certain that this 
is patulous when variations of pressuie do not occur In some experiments 
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no variations of mtiaspmal pressure could be obtained, and the injec- 
tions were continued until characteristic symptoms developed 

In some experiments large amounts of fluid were injected with com- 
paratively little increase of the mtiaspmal piessnre It is probable that 
this was due to some escape of the fluid to the extradural space, as it 
was often necessary to make a number of punctuies m attempts to get the 
needles m the propel place This condition obtained m the experiments 
of Gioup V 

In a few instances the mtraspmal pressure rose rapidly, usually 
toward the end of the injection or immediately aftei it, and exceeded the 
injecting pressuie recorded This apparent discrepancy is explained by 
the fact that only the pressure of the compiessed air was recorded as the 
injecting pressuie The column of fluid m the buret was not considered, 
as it was subject to variation When the burnt was filled it added a 
column of Ringer’s solution 530 mm m height, or a pressure of 40 mm 
of mercury to that lecoided as the injecting pressure With the arrange- 



Fig 9 (Evp XIX) — 11ns is one of eight experiments of Group IV, m which 
the cardiac inhibition was a less seiious consequence of the mtraspmal injection 
than the complete cessation of lespiration 

The injection of cocam restoied natural respuation promptly, but this drug 
had prnct'cally no effect upon the cardiac inhibition When subsequent mtraspmal 
injections produced characteristic symptoms, atropm failed to restore respuation 
but caused cardiac inhibition to disappear promptly 

ment for keeping the fluid at body temperature, and for measuring the 
amount injected each time, it was impossible to overcome tins difficulty 
Sudden variations of mtraspmal pressure may occur during and 
immediately after mtraspmal injections Piobably these are due to the 
distribution of the fluid injected m the subarachnoid or subdural space, 
variations of the intracranial pressure, or the blood m the plexus of tlie 
veins m the extradural space of the vertebral canal 

The experiments may be divided into five groups, and the diagrams 
on which the changes have been plotted show typical results better than 
a detailed description 
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In tlie diagrams the time is given at the top The time of each injec- 
tion is marked by veitical lines , the amount injected and the injecting 
pressure are indicated between these vertical lines 

The numbers at the sides show the blood-pressure and mtraspmal 
pressure in millimeters of mercury, also the pulse-rate and respiratory- 
rate per minute The upper contmuous line repiesents the blood-pres- 
sure, the upper broken line, the pulse-rate, the lower continuous line 

represents the mtraspmal pressure , the lower broken line ( ) shows 

the number of respirations per minute 

Group I — Experiments 5, 9 and 11 (Figs 2, 3 and 4) were of brief 
duration The injections caused death m a very short time from cessa- 
tion of the lespiration and pronounced cardiac inhibition The respira- 
tion ceased from one to three minutes before the heart stopped, and m 
two of these expenments death occuned m spite of artificial respiration 
Lowering the mtraspmal pressure relieved the cardiac inhibition tem- 
porarily m Experiment 5, but failed to do any good m Experiment 9 



Fig 10 (Exp IV) — As a type of Group V The first two injections produced 
some cardiac inhibition hut subsequent injections of larger amounts had no effect 
These exceptional results are explained by the escape of the fluid to the extradural 
space as described m the text 

The administration of atropm after alarming symptoms had devel- 
oped (Exps 9 and 11) caused the caxdiac inhibition to disappear but 
failed to start the respirations, and the animals soon died 

In the experiments of this group comparatively small amounts of fluid 
were injected, viz, 10 cc, 13 cc and 40 c c. The injecting pressure 
(from compressed an ) was 150 mm of mercury, plus the column of fluid 
m the buiet The latter vaned from the equivalent of 10 to 40 mm of 
mercury, as previously explained 

Serious symptoms developed when the mtraspmal pressure had been 
increased to 7 mm , 26 mm and 66 mm of mercury in the respective 
experiments Fatal results occurred when the mtraspmal pressure had 
been increased to 50 mm , 116 mm and 180 mm Hg. 
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The fall of blood-pressure was due entirely to the profound cardiac 
inhibition, probably from stimulation of the centeis m the medulla There 
was no loss of vasomotor tone as m surgical shock The diastolic pressure 
recorded by the membrane manometer showed no change except that which 
occurs with cardiac inhibition As soon as the latter disappeared from 
the administration of atropm, the systolic, diastolic and mean blood- 
pressure returned to normal No attempt has been made to plot the sys- 
tolic and diastolic pressure on the diagrams, as they show no change 

Two of the experiments of this group show unusually high blood- 
pressure (Exps 5 and 11) In both instances the respiration ceased 
hefoie the blood-pressure had been reduced to an abnormally low level by 
the pronounced cardiac inhibition 

This is of interest, for it shows that an abnormally high blood-pressure, 
such as occurs from increased intracranial pressure, is not sufficient to 
prevent the mechanical effects of mtraspmal infections on the centers of 
the medulla Robinson 4 found that the blood-pressure was increased in a 
considerable proportion of the twenty-six cases of cerebrospinal meningitis 
patients studied by him, while it was decreased below the normal m others 
In Experiment 9 the blood-pressure was unusually low, as the animal 
was suffering from distemper In this case the paralysis of the respira- 
toiv center was the most serious disturbance, while the cardiac inhibition 
was less conspicuous 

Group II — In this group (Experiments 6, 7 and 8, Eigs 5, 6 and 7) 
pronounced cardiac inhibition, preceded by a cessation of respiration, 
occurred earl}' m the experiment, after the infection of a comparatively 
small amount of fluid (6 to 20 cc) The administration of atropm 
promptly lestored the circulation to normal and respiration was then 
reestablished 

A much larger amount of fluid (30 to 100 c c ) was subsequently 
infected by repeated infections, some of them made under higher infecting 
pressure, without producing cardiac inhibition or serious fall of blood- 
pressure The respiration ceased a number of times from the later infec- 
tions, but it was not so easily affected m the absence of circulatory dis- 
turbances 1 

These experiments show that atropm prevents the effect of mtraspmal 
injections on the heart but not on the respiration, also that the fall of 
pressure is not due to loss of vasomotor tone from depression of the vaso- 
motor centers, but to caidiac inhibition 

Experiment 7 is of particular interest m this connection The first 
infection had the usual effect After atropm had been administered the 
subsequent infections caused a rise of blood-pressure, going above 200 mm 
of mercury' repeatedly, the elevation of pressure being proportionate to the 


4 Robinson Tiie Abchhes Int Med, 1910, v, 482 
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injecting pressure used This must have been due to the stimulation of 
the vasomotor center m the medulla, as explained by Cushing This 
experiment shows that mtraspmal injections made by lumbar punctuie 
may have the same effect that Cushing obtained by increasing the intra- 
cranial pressure, if cardiac inhibition is prevented In spite of the rise 
of blood-pressure, the respiration ceased after each injection 

Group III — Experiment 12 (Fig 8) of this gioup differs from those 
of the pieeedmg group, m that atropm did not restoie the blood-pressuie 
so promptly, although it immediately removed the cardiac inhibition In 
this experiment there was decreased vasomotor tone, as shown by the low 
diastolic pressuie Natural respiration did not leturn after artificial 
respiration had been kept up foi five minutes The intravenous injection 
of cocam leestablished respiration at once 

Subsequent injections caused the respiration to cease without any 
material change of blood-pressuie or pulse-rate After waiting one-half to 
one minute, without artificial respiration or any sign of recovery, the 
injection of 0 010 gm of eocam caused the normal lespiratory rate to 
return In this condition, as m ether narcosis, eocam is a valuable respira- 
torv stimulant 

Group IV — This gioup includes eight expenments, of which Experi- 
ment 19 (Fig 9) shows typical Tesults 

Characteristic symptoms (cessation of respnation and cardiac inhibi- 
tion) followed the mtraspmal injection, but the cardiac inhibition was 
less pronounced Cocam was given alone, oi it was given first and atropm 
was administered a considerable time later 

In each case cocam promptly restored the respiration, but failed to 
remove the cardiac inhibition In some instances the cardiac inhibition 
was not lessened at all by the cocam , m others the caidiac inhibition grad- 
ually disappeared with the leestablishment of respiration to normal The 
subsequent injection of atropm caused the immediate and complete dis- 
appeaiance of the cardiac inhibition 

This indicates that the cardiac inhibition is due to dnect stimulation 
of the caidio-mhibitoiy centei m the medulla, and does not result as one 
of the symptoms of asphyxia following the paral) sis of respiration 

It is also obvious that both atropm and eocam are required to meet the 
disturbances of the circulation and respiration Neither of them 
acting alone can meet the indications It is also apparent that theie is 
not sufficient time for using these drugs after alarming symptoms develop 
fiom mtiaspmal injections m man In the experiments piesented m this 
paper the injections weie made directly mto the jugular vein, but even 
then the result was uncertain 

The condition is analogous to the collapse which sometimes develops 
m cliloiofoim narcosis from sudden stoppage of the heait due to cardiac 
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inhibition It can easily be prevented by the preliminary administration 
of atioprn, while all efforts at resuscitation often fail aftei a concentrated 
vapor of chlorofoim has pioduced the condition 

Group Y —Experiments 3, 4, 10, 13, 18, 22 and 25 (See Fig 10 for 
Experiment 4) aie remarkable for the large amount of fluid injected 
without the production of any symptoms oi only mild and transitoiy dis- 
turbances In these experiments the amount injected varied from 60 to 
150 cc, but the mtraspmal pressure was low as a rule (See cuives of 
Experiment 4) 

The autopsy m each case showed a laige amount of the eaimm- 
Rmgei’s solution m the extraduial space of the spinal canal There was 
no pigment at the base of the biam oi on the c-oitex and very little 
beneath the spinal arachnoid Even the lining of the dura shows compara- 
tively little pigmentation, so that most of the fluid must have been 
injected into the extraduial space and doubtless escaped through the 
mtervertebial foramina 

The failure to obtain any change m the circulation oi respnation can 
easily be explained by the post-mortem finding, for an examination of the 
brains of these dogs shows that practically none of the fluid entered the 
cranial cavity and very little passed up the coid 

INCIDENTAL OBSERVATIONS 

The question as to the distance to which fluid (e g, serum) leaches 
when given by lumbar puncture can be definitely answered by the autopsy 
findings of the first four gioups of experiments and by other preliminary 
experiments Even small amounts under low pressuie reach to the base 
and cortex of the biam 

Small amounts under moderate piessure probably do not reach into 
the lateral ventricles At least carmin has only been found m those experi- 
ments m which a laige amount of fluid had been injected under high 
pressure Undei these circumstances the lining of the ventricles is pig- 
mented distinctly It is doubtful if serum injected under the pressure 
which would be safe to use m man, evei leaches the lateral ventucles 

CONCLUSIONS 

1 Ho definite limit can be fixed to which the mtraspmal pressuie may 
be increased with safety In some animals serious sjunptoms developed 
when it was increased to 10 mm of meieui}, while m others this only 
occuired with a pressuie of 50 or 60 mm of mercury 

2 The normal mtraspmal pressure m dogs varies from 3 to 10 mm 
of mercui \ or 40 to 135 mm of watei A sudden increase of pressuie, 
even though a small amount be given is more dangerous than a larger 
amount given gradually by gravity 
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3 The first mechanical effect of increasing the mtraspmal piessme 
from injections made by lumbar puncture is the cessation of respiration, 
quickly following it, or comcidently with it, there is profound cardiac 
inhibition, which causes a tremendous and sudden fall of blood-pressuie 
The fall of pressure is often so abrupt that it frequently drops from nor- 
mal to zero within a half minute 

4 Atropm removes the cardiac inhibition and restores blood-piessure 
by its paralyzant effect on the cardio-mhibitory nerve center 

5 Atropm fails to stimulate the respiratory center, while cocam is 
the most valuable respiratory stimulant for such an emergency 

6 These diugs should be given together m full doses before making 
a spinal punctuie or mtraspmal injection The injection at the site of 
spinal puncture would also produce local anesthesia The condition could 
thus be prevented more easily than it can be remedied after alarming 
symptoms suddenly develop. This is particularly tiue if chloroform is 
used as an anesthetic, as the inhalation of chloroform m concentrated 
vapor produces similar effects and thus makes the condition more serious 

7 The fall of pressure is not due to a vasomotor disturbance There 
is, therefore, no indication for the administration of epmephrm On 
the conti ary, it is positively contra-indicated on account of its well-known 
action m producing cardiac inhibition 

8 Lowering the mtraspmal pressure by allowing fluid to escape from 
the needle after the characteristic symptoms develop, fails to relieve the 
condition 

9 The advantage of using atropm and cocam before mtraspmal 
injections consists not only of lessening the dangers of sudden death, but 
it enables a largci amount of fluid to be injected without producing dan- 
geious symptoms from the mechanical effect This is a great advantage 
m administering antimenmgococcus serum, as its action is chiefly a direct, 
local one on the living bacteria and the benefits are m proportion to the 
amount administered 



TWO CASES OE ANAPHYLACTIC SERUM DISEASE OYER 
SIX YEARS AETER THE PRIMARY INJECTION 
OE HORSE-SERUM (YERSIN’S ANTI- 
PEST SERUM) ' 

S T DARLING, M D 

ANCON HOSPITAL, CANAL ZONE 

The wiclespiead interest m hypersusceptibility and allergy and then 
1 elation to infectious disease leads me to report two eases of this natuie 
following over six years after the primary injection of hoise-seium 
I desire also to expiess the personal feeling that the use of diphthena 
antitoxin for the immunization of contacts (the immunizing dose) should 
be avoided as often as practicable I believe it is much wiser and shows 
more consideration for the patient for contacts to be examined from day 
to day and for cultures from the throat to be examined as well In this 
way the disagreeable featuies of serum disease and the indiscriminate and 
widespread sensitization of many peisons to hoise-serum will be avoided 
Serum disease is a term used by von Pirquet and Schick 1 to denote 
the clinical manifestations following the injection of horse-serum These 
symptoms may follow the primal y, secondary, or other subsequent injec- 
tion of serum The fiist injection of horse-serum often causes symptoms 
peculiar to the serum itself, such as uitieana, fever, edema and joint 
pains These are not due to the antitoxin, but to the horse-serum, and 
they only occasionally occur immediately after the injection There is 
nearly always a latent or incubation period of eight to twelve days Yon 
Pnquet has noted that following the second injection of horse-serum, the 
reaction is altered as to time, quantity and quality, and these altered 
manifestations he lias termed allergy (altered reaction) 

With regard to the incidence of serum disease, Weaver 2 records that 
31 1 per cent of 692 patients with diphthena to whom serum was admin- 
istered, observed for ten days or more, exhibited the reaction 

The amount of serum injected to a great extent determines the 
appearance of the reaction Thus, Weaver notes that when 1 to 9 c c 
of serum vas administered, 10 9 per cent of patients, observed for ten 
days or more, showed a reaction When 100 to 109 c c were given, 44 4 

’Manuscript submitted for publication July 29, 1912 

’Read at Meeting of Canal Zone Medical Association, May S, 1912 

1 Von Pirquet and Schick Leipsic, Denticke, 1905 

2 Wea\er, G H Serum Disease, The Archives Int Med, 1909, m, 485 
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per cent of patients showed a leaetion, while m eight patients, given 170 
to 2S0 c c of serum, all, or 100 pei cent , showed a reaction 

Serum disease following a primary injection of hoise-seium This 
appeals after an interval between the injection and the appearance of 
symptoms At the end of the period of incubation, the symptoms sud- 
denly appeal Locally, theie is redness and itching of the skin The 
geneial symptoms aie fever, edema, skin eiuptions, such as urticaria and 
erythema, swelling of lymph-nodes, leukopenia, joint pains, occasionally 
nausea and vomiting, there is some headache, backache and soieness and 
aching of the muscles, and m severe cases prostration and a tendency 
to fainting 

Seium disease following a secondaiy injection (toxic injection) given 
aftei a considei able mteival (Anaphylaxis) Ten days or more aftei 
a pumaiy injection the exhibition of a second injection elicits symptoms 
of serum disease, either immediately oi after a period of incubation 
slioiter than that following a primaiy injection (allergy) The “imme- 
diate” reaction occurs within a day, while the “accelerated” reaction 
occurs usually within five to seven days after the secondary injection 
The local symptoms are specific edema and urticaria at the site of inocula- 
tion The general symptoms are fever, chilliness, exanthematous erup- 
tions, uiticaria, edema and joint pams, and m severe cases there is pros- 
tration and a tendency to fainting 

Yon Pirquet 3 states that after the first injection of horse-serum, serum 
disease appears seldom before the sixth day, often est on the eighth oi ninth 
day, but frequently later When individuals leceive a secondaiy injection, 
the symptoms usually appeal as an immediate reaction within twenty-four 
houis, and he noted that m children receiving a second injection, a 
number leacted on the sixth and seventh dajs This von Pirquet and 
Schick called the “accelerated” leaction 

The secondaiy injection must be many times larger m amount than 
the minimum “sensitizing” injection m order to elicit visible symptoms , 
so that on this account it would seem to be impossible to determine by 
means of a cutaneous reaction whether an individual were sensitive to 
horse-seium 

Von Pirquet explains the phenomena of anaphylaxis or allergy as 
follows In serum disease, for example, horse-serum is injected into man, 
and antibody is formed We see at this time that symptoms of disease 
appeal and the supposed connection is that the symptoms are due to 
toxic bodies formed by the digestion of the antigen (allergen) through 
antibody On a second injection (“toxic dose”) it is assumed (a) that 
the antibody is already piesent and when the horse-serum is injected the 

3 Von Pirquet The Archives Ikt Med , 1911, vn, 259 and 383 
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toxic bodies are now formed and elicit an immediate faction It is 
assumed (b) if the second injection follows long after the primary injec- 
tion the blood is free from antibody as well as horse-serum , but the body 
cells, however, having once made them, now make antibodies rapidly, so 
that in this ease antibodies are formed more or less qui ckl y The toxic 
bodies aie then formed and elicit the symptoms m an “accelerated” 
reaction 

In severe cases of serum disease there is moie or less prostration and 
cardiovascular weakness These symptoms are no doubt analogous to 
those elicited m experimental animals on the administration of secondary 
toxic doses of hoise serum to sensitized subjects, and Auei 4 has called 
attention to the interesting fact that symptoms and signs of anaphylaxis 
differ considerably m three species of animals which have so far been 
carefully studied The characteristic drop m blood-pressuie of dogs 
shown graphical!}' so well by Pearce and Eisenbrey , 5 is not found in the 
acute cases of anaphylaxis m the rabbit and guinea-pig The large, 
pale, inflated lungs m the guinea-pig are not found m the dog or rabbit, 
and, again the mtravital rigoi of the heart muscle m the rabbit is not 
seen m the dog or guinea-pig In the rabbit Auer demonstrated that the 
heart itself is the vital cause of death in acute anaphylaxis m rabbits 

CASE REPORTS 

Among the personnel at Ancon Hospital m May, 1905, STD, who 
performed the autopsy, and H TV , an attendant, were exposed to a case 
of bubonic plague and each received 10 cc of Yersm’s antipest serum 
The same individuals, m October 1911, were similarly exposed to a case 
of septicemic plague, and again received 10 c c of Yer sin’s antipest serum 
At this time fifteen other individuals who had been exposed received ( 
injections ol the serum Among these was HOC, and of the seventeen 
persons injected, S T D , H TV and HOC developed serum disease, 
while none of the fourteen who had not been previously sensitized by 
horse-serum developed any symptoms of serum disease 

Case 1 — S T D, physician, aged 39, had never had diphtheria, nor received 
injections of horse serum He performed an autopsy on a case of bubonic plague 
June 23, 1905, and on this date received the equivalent of 10 cc of Yei sin’s anti 
pest serum This was a dried horse serum taken up with saline solution Eo 
symptoms of serum disease followed the injection 

Oct 17, 1911, nearly six years and four months later, he performed an autopsj 
on a case of septicemic plague and the following morning received 10 cc o 
Yersm’s antipest serum (liquid horse serum) Following the injection there was 
some redness at the point of inoculation, but no other signs until October 23 
(sixth day), when the skin area corresponding with the location of the injection 


4 Auer Jour Exper Med , 1911, xiv, 493 

5 Pearce and Eisenbrey Jour Inf Dis , 190S vn, 573 
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itclied intensely and an uiticanal lash 6 to 7 cm m diameter appealed tlieie The 
following morning (seventh day) the uiticaua spiead to the groins, inner aspects 
of thighs and the scalp By noon almost all parts of the body above the knees 
were involved While the pam and discomfort were seveie, there were no other 
symptoms until 1 30 p m , when he was awakened from a siesta by a feeling of 
intense depression as though fainting The pulse could not be detected at the 
wrist Yawning or sighing was frequent A few minutes later the pulse was 
found to be 46, the features ashy-white, there was cold peispiration and an intense 
feeling of prostration During the afternoon periods of intense stinging oi 
tingling of the slcm with tremendous edema of the scalp, lips, forehead and body 
were followed by attacks of prostration and feeble pulse Each penod lasted 
about fifteen minutes There were also small cn cumscnbed patches of pam m 
the epigastrium, eosophagus ( ’ ) and right chest below the right nipple On 
swallowing a glass of water on one occasion, it appeared that there was some 
swelling of the mucosa of the esophagus, for there appealed to be some resistance 
to the passage of fluid During the afternoon attempts at using and walking a 
few steps were quickly followed by fainting sensations and hallucinations of vision 
Stiychnin sulphate 1/30 gr was administered hypodermatically m the left arm 
and the aim remained veiy tender and sore for two days The intense itching 
kept up during the night but there was no distress or prostration On Octobei 25 
there was some urticana of the legs, particularly the soles of the feet The 
patient could not sit up without discomfort Large uiticarial wheals appeared 
on the neck m the afternoon and theie was some geneial neuralgia-like pam 

October 26 During the night there were large patches of urticaria on the 
knees and during the day backache and neuralgic pains all over the body It 
appealed to the patient that the spells of depression or prostration weie to some 
extent averted if the desire to scratch the areas of urticaria weie conti oiled 
October 27 to 30 Patient felt weak, the muscles were sore and he had a hag- 
gard look November 1 General feeling of well-being returned Novembei 2 
A papular rash that itched or tingled slightly appeared on the bieast and sides 
of chest from the fourth to the eighth ribs This lash remained foi three or 
four days 

Case 2 — TI W , negro, native of Grenada, ward attendant He received an 
injection of lioise seium June 23, 1905 The secondary injection was received 
Oct 18 1911 Erythema at the point of inoculation w r as noted October 19 On 
the night of the twenty-sixth urticaria appeared and the patient awoke on the 
morning of the twenty-seventh at 2 a m , feeling “stifled ” He took a drink of 
water and became covered with sweat Could not go on duty this morning and 
lemamed off duty the twenty-eighth and twenty-nmtli Sticking pains m the 
chest were felt on the night of the twenty-sixth and twenty-seventh Painting 
sensations were experienced on getting out of bed or on taking an erect position 
after stooping ovei On October 30 he returned to duty and for two or three 
days felt weak and soie m all his muscles 

H C C , who also developed symptoms of seium disease, was exposed to the 
case of plague of Oct 17, 1911, and received on October 18, 10 cc of Yersm’s 
antipest seium October 20, local (“specific”) uiticana appeared at the site of 
inoculation October 26 there was swelling of the arms, face and hands with more 
uiticana at the point of inoculation, and slight vertigo on rising 

H C C had received horse serum previously, September, 1906, 5 cc -j 

diphtheria antitoxin September, 1906 , 5 c c 4 diphtheria antitoxin October, 

1906, 15 to 20 c c 4 diphtheria antitoxin 

Shortly after the October (1906) injection local uiticana of the thigh appeared, 
and ten days after the injection of serum there w T as tremendous umveisal edema, 
with edema of the throat and larynx, causing some anxiety among his confreres 
Between Octobei, 1906, and April, 1907, he received diphtliena antitoxin several 
times, and on one occasion had a measles-like lash 
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In this small senes of cases of anaphylactic serum disease, only thiee 
of the seventeen individuals receiving serum experienced any symptoms 
of serum disease, and each one of these three persons had previously been 
sensitized by injections of hoise-serum STD and H W six years 
and foui months, and HOC five years previously On tins last occasion, 
HOC had a late “immediate” (?) and an “accelerated” reaction 
STD had an “accelerated” reaction and H W had a late “accelerated” 
reaction 

Considering the fact that the only individuals who suffered from 
serum disease were those who had been sensitized by previous injections 
of horse-seium, and on account of the very disagieeable symptoms and 
consequent loss of time from business, together with the doubtful value 
of Yersm’s serum m pi eventing 01 aborting an attack of plague, its indis- 
criminate use for the immunization of contacts is considered inadvisable 



TIIE PATHOGENESIS OE PURPURA HEMORRHAGICA WITH 
ESPECIAL REFERENCE TO THE PART PLAYED 
BY BLOOD-PLATELETS ' 

WILLIAM W DUKE, M D 

KANSAS CITY, MO 

The hemorrhagic diathesis of chloiofoim and phosphoius poisoning 
is without doubt due to a deficiency of fibrinogen in the blood and that 
of a t} r pe of melena neonatorum to a retarded late 01 complete failure 
of blood coagulation The liemoirhages of ]aundice and hemophilia can 
peihaps be accounted for by abnormal blood coagulation, although pi oof 
of this is not so clear as m the former diseases The disease with which 
I shall deal m this paper, namely purpura hemorrhagica, has apparently 
an entirely different pathogenesis and, it is believed, is due wholly or 
partly to an almost complete absence of platelets fiom the blood 

HISTORICAL REVIEW 

That the numbei of platelets m the blood is reduced m purpura 
hemorrhagica was first obseived m 1887 by Denys, a histologist, and 
later by Hayem, the discoverer of blood-platelets Denys 1 reported thiee 
cases m which platelets could hardly be found m fresh blood films 
Hayem, 2 m three cases of idiopathic purpura hemonhagica, made counts 
of 89,900, 62,000 and 41,000, and m two cases of symptomatic purpura 
hemorrhagica reported with Bensaude, 3 noted a scarcity of platelets m 
blood films Bensaude and Rivet, 4 woikmg m Hay era’s clinic, studied 
stained and fresh blood films m five cases of chronic puipuia hemor- 

* Submitted to Archives for publication July 23, 1912 

“Results leported in brief before the Johns Hopkins Medical Society, Feb 
19, 1912 

1 Denys, J (a) fitudes sur la coagulation du sang dans un cas de purpura 
avec diminution considerable des plaquettes La Cellule 1887, in, (b) Un nou- 
veau cas de purpura avec diminution considerable des plaquettes La Cellule 
1SS9, v, 189, (c) Blutbefund und Culturversuche m emem Fall von Puipura 
humorrhagica Centralbl f Path u path Anat, 1893, iv, 174 

2 Hayem, G Du purpura, Presse med , 1895, 233 

3 Hayem, G, and Bensaude, R (a) Leuc6nne aigue J forme de purpura 
hemorrliagique Non-retractilitO de caillott sangum Bull et m§m Soc m6d d 
hop de Pans, Feb 13, 1903, (b) Sur la non-retractiht6 du caillot et l’absence de 
formation de sGium dans la vanole h6morrhagique primitive Mechanism des 
kemorragies Soc de biol , Jan 19, 1901 

4 Bensaude, R , and Rivet, L Les formes chroniques du purpura h6mor- 
ragique, Audi g6n de m£d , January, 1905 
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rhagica and stated that the platelets were reduced m number Coe/ m 
live eases of hemonhagie diathesis, found a reduced number of platelets 
Three of his counts were 29,000, 22,000 and 25,000 The other determi- 
nations were made by examining stained blood-smears Helber 6 obseived 
a case of purpura hemorrhagica m which the platelet count was 40,000 
Ehrlich 7 and Muller 8 each report having seen a case similar to those 
reported by^ Denys Pratt, 0 m a case of purpura hemorrhagica com- 
plicating nephritis, made a count of 9,000 Selling, 10 in studying purpura 
hemorrhagica complicating benzol poisoning, found m one instance a 
platelet count of 3,000 In another he noted an almost complete absence 
of platelets from blood-smears Matthews and Carpenter, 11 m a convales- 
cent case of purpura hemorrhagica found the count to be 18,700 Larra- 
bee, 12 m two cases of hemorrhagic diathesis m aplastic anemia, found a 
scarcity of platelets in blood-smears In a previous paper 13 1 reported three 
cases of severe hemorrhagic diathesis m which platelet counts made during 
periods m which pathologic hemoirhage was present were all below 32,000 
In each of these cases a large number of platelets were introduced into 
the circulation by direct transfusion of blood Immediate and complete 
lelief followed this procedure and persisted until the platelets mtiodueed 
had disappeared When the counts reached their previous low levels 
hemorrhage returned The period of relief was attributed directly to the 
increased number of the blood-platelets 

A few low platelet counts have been reported m patients m whom 
hemoirhagic diathesis was not evident Osier, 11 Riess 16 and others have 
found them reduced m pernicious anemia, Determann, 10 m a case of 
nephritis (88,000) and m a case of pneumonia (40,000) Low counts 

5 Coe, J N The Treatment of Purpuric Conditions and Hemophilia Jour 
Am Med Assn , 1906, xlvii, 1090 

6 Helber, E Ueber die Zahlung der blutplattchen im Blute des Menschen 
und ihr Verhalten bei pathologischen Zustanden Deutsch Arch f klm Med , 
lxxxi, 317 

7 Ehrlich Die Anamie, 1898, 134 

8 Muller, H F Ueber emen bisher mcht beobachteten formbestandteil des 
Blutes Centralbl f allg Path u path Anat , 1896, vn, No 13, p 531 

9 Pratt, J H Osier’s Modern Medicine, 1907, iv, p 681 

10 Selling, L A Preliminary Eeport of Some Cases of Purpura Hemorrhagica 
Due to Benzol Poisoning Bull Johns Hopkins Hosp , 1916, xxi, 33 

11 Matthews, A C , and Carpenter, H P Purpura Hemorrhagica with Report 
of an Atypical Case Am Jour Med Sc, July, 1911 

12 Larrabee, R C Aplastic Anemia, with Report of a Case Am Jour Med 
Sc, July, 1911 

13 Duke, W W The Relation of Blood Platelets to Hemorrhagic Disease 
Jour Am Med Assn , 1910, Iv, 1185 

14 Osier, William Cited by Riess, Note 15 

15 Riess, L Bemerkungen uber die Zerfallskorperchen des Blutes und ihr 
Verhaltmss zur Anamie Berl klm Wchnschr , 18/9, xvi, 696 

16 Determann Klinische Untersucliungen uber Blutplattchen Arch f klm 

Med , 1S9S, lv, 365 
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have also been found m lymphocytic leukemia, aplastic anemia and 
typhoid fevei Hayem, Kiess, "W r 1 gh t and Emmcutt and others found 
the platelet count reduced during the febule period of several acute 
diseases Hayem states that Ins lowest counts were m cases of puipura 
hemorrhagica 

GENERAL CONSIDERATIONS 


It was seen early m this work that patients with puipura hemorrhagica 
of the type associated with an enoimously reduced platelet count had a 
tendency to bleed fiom eveiy trivial abrasion of the slap, or mucous 
membranes Frequently it was noticed that a patient bled for hours from 
a puck m the lobe of the ear 01 from a mere scratch on the skin In 
some cases even the chewing of coarse food caused the gums to bleed 
A slight blow, or even the rubbing or scratching of the skin, lesulted m 
the formation of eceliymoses Patients entering the hospital with seveie 
symptoms were impioved by the avoidance of all possible mjuiy In some 
cases extensive purpura cleaied and hemoirhage from mucous membianes 
stopped almost completely following simple rest m bed That there was 
little or no change m the general condition to account foi this improve- 
ment was evidenced by the fact that a prick m the lobe of the ear would 
bleed foi several liouis It seemed obvious that the obseivation of symp- 
toms alone would lead to false conclusions as to the seventy of hemor- 
ihagic diathesis It was seveial times noted, for example, that ambulatoiy 
patients with the disease m mild form displayed more purpura and more 
piofuse hemonhage from mucous membranes than the severer hospital 
cases For this reason conclusions m this study have been based but 
paitly on symptoms shown by the patient More reliable data was 
gamed by obseivmg their tendency to bleed fiom fresh cuts This was 
studied by a means outlined briefly by me m a pievious paper 13 and called 
“the bleeding time ” 

THE BLEEDING TIME 

The bleeding time is deteimined as follows Make a small cut m the 
lobe of the eai At half minute intervals blot up on absorbent paper all 
the blood which has flowed out This gives a senes of blots Each blot 
lepiesents the volume of blood flowing out m its respective half minute 
From the rate of decrease m the size of the blots one can see at a glance 
the rate of decrease m the intensity of the hemorrhage The duration 
of such a hemonhage is called the bleeding time 

On first thought one might believe that the bleeding time depends 
laigeh on the size of the cut This, however, within certain limits, is not 
the case Figure 1 (a, b, c) are three normal bleeding times obtained 
fiom cuts of different sizes The blots obtained from the largest cut (c) 
deciense m size even more rapidly than those obtained from the smallest 
cut (a) If hemorrhage from these cuts can be considered capillary 
hemorrhage, it is evident that a laige number of capillaries stop bleeding 
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as rapidly as a small number In marlced contrast to the above is the 
prolonged bleeding time shown in Figure 2 This bleeding time was 
obtained fiom the smallest needle prick The twentieth blot is practically 
as large as the first Such a hemorrhage has been known to continue foi 
more than two hours 

When the blots decrease rapidly m size the bleeding time is considered 
normal (one to three minutes) When they deciease more slowly m size 
and stop m from five to ten minutes it is considered slightly prolonged 
Such is occasionally seen m severe anemia When the twentieth blot is 
half the size of the fiist the bleeding time is moderately prolonged, and 
when as large as the fiist, is enormously prolonged 

The bleeding time is piaetically never more than slightly prolonged 
m normal individuals — at least such has been my observation dunng a 
period of three years 

It is prolonged in some types of hemonhagic disease and not m otheis 
It is enormously prolonged m ehlorofoim poisoning when the decrease m 
the fibrinogen content of the blood is gieat It is also enormously pro- 
longed m purpura hemonhagica of the type associated with a reduced 
platelet count In these two diseases the bleeding time gives reliable 
information as to the severity of the hemorrhagic diathesis It usuallv 
langes from twenty minutes to several houis when the symptoms are 
severe, and drops to normal the moment the condition is relieved 

The bleeding time in my experience is normal m all forms of puipura 
simplex and jaundice Observations have been made on patients with the 
following varieties of purpura simplex idiopathic puipuia simplex, 
purpura secondary to nephritis and septicemia, purpura rheumatica, 
Henoch's complex, scurvy, senile purpura, cachectic purpura, and pur- 
pura showing a segmental distribution Observations have been made on 
patients with jaundice associated with a normal coagulation time and no 
hemorrhage , with a slightly delayed coagulation time and severe purpura 
hemorrhagica, and with an enormously prolonged coagulation time 
(thirty minutes and more) with and without evidence of pathologic 
hemorrhage In all the above patients the bleeding time was less than 
three minutes .The platelet count was normal or slightly increased 

The bleeding time is, therefore, limited m its usefulness and can be 
employed to advantage m certain types of disease only 

OTHER METHODS 

The coagulation time was determined by a simple method described 
by me 13 > 17 m previous papers 

The fibrinogen content of the blood in humans was estimated roughly 
by observing the firmness of blood-clots It was estimated quantitatively 

17 Duke, W W A Simple Instrument for Determining the Coagulation Time 
of the Blood Tun Abchhes 1st Med, February, 1912, i\, 25S 
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, n dogs by a heat pi capitation method as descubed b} Whipple and 

Hm witz 18 /»iii 

Retractility of the clol n as .studied as by Hayem 2 > 19 Two e e of blood 

neie collected m a small test-tube and allowed to stand at loom tem- 

peiatuie foi forh -eight horns formally the clot sepaiates itself m a 

cpoit time fiom the sides ol the vessel containing it and exti tides seium 



Fig 1 — -Xoim.il Weeding times A, fiom small cut, E, fiom kigei cut, C, 
fiom a on luge cut 

Undei ceit.nn patliologic conditions ieti action fails to take place and 
little oi no clcai «ei uni can be seen 

IS Whipple G IT and lluiwit/ Tom E\]iei 'Med 1911 \m, 130 
19 Hia em G Du taillot non ldiactlle Guppi essjon de la fotmation du 

"ci um "anguine dans que'que etats p ithologiqne ( ompt lend Acad d sc 189G 
cwni S'l-l Cited Iia Eeii"Uide 
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T 3 ie platelet counts weie made In Wught and Kmnicut’s 3 
with piecautions mentioned by me 21 m a pieMous papei Tim 
piesents several advantages ovei othci methods It is simple an 
earned out with the ordinal y blood pipets and counting ehamb 
platelets aie stained by the diluting fluid and thus lendeied easi 
nizable The led cells aie lakcd The limit of enoi in counting 
is somewhat gieatei than m led 01 white cell counts The p< 
vanation m the platelet count is so gieat, howevei, that an en 
to 20 pei cent may be consideied negligible 



Figwie 2 


The following counts were made 111 foui noimal mdiuduals 


T A TILL 1 Noil MAT 

Date 
May 9 
May 10 
May 11 
May 12 
May 13 
Maj 14 
May 15 
May 10 
May 17 
May 18 
May 19 
May 20 
May 21 
May 22 
May 23 
Mav 24 
Highest count 
Lowest count 
Aierage count 


PfATinr Covers iv Folk Lmuddils 


T 

II 

III 


275 000 

295,000 

290,000 

3H 

220 000 

100 000 

280 000 

24C 


280 000 




270,000 


19C 

225 000 

300 000 

300,000 





22C 


240,000 


190 

230 000 


350,000 


225 000 


275,000 



260,000 



10G 000 


400,000 


220 000 




240 000 


250 000 


275 000 

300 000 

400,000 

313 

19G 000 

240,000 

250,000 

]00 

224 000 

264,000 

300,000 

211 
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REPORT OF C VSI.S 

In tlie following stud} an effoit was made to find, some lelationship 
between liemonliagic diathesis and the condition of the blood Ilemoi- 
rhagie sjmptoms, the bleeding tune, the platelet count and blood coagu- 
lation weie studied m all cases which displayed a pathologic tendency to 
bleed, seen duimg the past thiee }eais In many of the cases no abnoi- 
malitv of the blood could be diseoveied In a ceitam gioup, however, 
the platelet count was constantly and enonnously 1 educed This gioup 
differed m many respects fiom the gioup having nonnal counts, in fact, 




it became possible fiom the Ins ton and examination of a patient mth 
veil maiked hemonhagic diathesis, to conectl} pi edict whethei the polate- 
let count Avas about noimal 01 was gieath reduced Subsequent diseus c ion 
lull he confined to the platelet-fiee gioup of cases, a detailed lepoit of 
thn teen of which is as IoIIoaas 

C\s-i 1 Idiopathic pm put a hcntoit haqica uiih icsull of i> ansfusion (Case 
o served in (lie Massaclmsetts Geneial Hospital Boston foi more complete lepoit 
of wlucli see lefcience 11 ) 










452 


ARCHHEH OF A TERN A L UEDIOJNE 


Histonj S M man aged 20 tailor Family and past histon mninpoi taut 
1<01 foui (1,1} s befoie admission to the hospital the patient snffeied fiom malaise 
epistaxis Weeding fiom the gums, hematuna, melena and had noticed a piupuiic 
iash Results of physical examination unimpoitant except foi palloi and a 
geneiali/ed fine petechial iash Petechias weie seen eien on the conjunctiva, 
mucous membiane of the mouth, the soles of the feet 

Laloiaionj Examination — Stools and mine not icinaikable except that thev 
contained a eon«ideiable quantity of blood 

Platelet count 0 000 Bleeding time 00 minutes Coagulation time noimal 
(5 minutes) Clot film and non xetiactile 

Leukoc} tes \ ai led fiom 2,400 to 7 000 Pohmoiphomiclenis SO pei cent to 
SG pei cent Rcmawdci main!} limp]ioc}tes One blast seen Ei}thioeytes on 
idmission 3 2G4 000 llgb 50 pei cent Sahli Appemance of led cells noimal 




Pjo 4 — Cbait of C a=e 2 


Com sc of the Disease —The si mptoms and laboiaton findings ueie piacticalh 
unchanged duiing the fiist foui days m the hospital On the fifth day a direct 
tiansfusion of blood was successfully earned out bv Di F T Jlurpln '° o"> n b 
tins theie mas complete cessation of all henionliage and the puipunc decks icgan 
to fade 1 he platelet count ins mcieased bi tiansfusion to 123,000 The bleed- 
ing time Mas ledueed to noimal The coagulation time Mas nnebangee le c o 

m is letiactile , , 

Hie munbei of platelets in the blood deeiea«ed lapidh iftei tiansfusion an 
on about the fomtli dav icaclied iN pieuous lou Joel At tin- time epi«ta\i 5 
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began again and fresh blood appeared m the stools The bleeding time was again 
enormously pi olonged The coagulation time was unchanged The clot was again 
non-i etractile 

This condition continued practically unchanged for six days On the seventh 
day there was complete cessation of epistaxis and there was no more blood m the 
stools Platelets were present m the blood m abundance The bleeding time was 
i ormal The coagulation time was unchanged The clot was normally retractile 

No purpura appeared during the second hemorrhagic period The patient, 
during the following year, had no return of hemorrhage 

Case 2 — Chi onto intestinal bleeding m a boy icith clnonic ulcerative colitis 
Results of transfusion (Case observed m the Massachusetts General Hospital, 
Boston, for more complete report of which see Reference 13 ) 

History — A C , boy, aged 8 Family lnstoi y negative Since the age of 2 
the patient had suffered almost continually from diairhea For four periods of a 
month or less, the stools contained considerable blood The stools had contained 
blood foi more than a month befoie admission to the hospital and the patient was 
pale and weak Physical examination was unimportant except for pallor There 
were no ecchymoses and no bleeding from normal mucous membianes while under 
observation The stools contained mucus and pus and considerable fresh blood 

Laboratoiy Examination — Platelet count 32,000 Bleeding time moderately 
prolonged (20 minutes) Coagulation time 5 minutes, clot film, retractility 
diminished 

Leukocytes 2,200 to 4,700 Polymoi plionuclears 40 per cent to 60 per cent 
Remainder mainly lymphocytes Erytlnocytes 1,600,000 Hgb 20 per cent Ap- 
pearance of leds normal No blasts 

Course of the Disease — Symptoms and laboratory findings continued unchanged 
for seven days On the eighth day direct tiansfusion of blood was successfully 
earned out by Dr Hugh Cabot The platelet count, made just aftei transfusion, 
was 89,000 The bleeding time was normal The coagulation was unchanged 
The clot was normally retractile 

The platelet count decreased steadily after transfusion, and on the fourth day 
had reached its previous low level The bleeding time was then again prolonged 
Conditions continued about the same until the boy’s death, several weeks later 

Comment This case is of interest m showing a striking difference 
between the effect of tiansfusion on normal and pathologic hemorrhage 
The amount of blood m the stools was increased by transfusion m spite 
of the fact that the general tendency to bleed, as shown by the shortening 
of the bleeding time, was less marked The intestinal hemorrhage, as 
shown by autopsy, proceeded from extensive intestinal ulcerations and 
cannot, therefore, be considered entirely pathologic hemorrhage The 
increased hemonhage following transfusion was thought to be due to the 
mci eased filling of the blood-vessels 

Case 3 — Scveie pm pin a Jiemoi rhagica in a man until phthisis (Case 
observed in Piofessor Romberg’s clinic, Tubingen ) 

Histoi y — W F , man aged 26, a weaver Family history good Past history 
negative except for attacks of migratory polyarthritis at the ages of 17 and 19 
At the age of 16 and 21 he had nose-bleed for a short time For five months he 
bad bad symptoms of phthisis and was m the hospital for this 

Physical Examination — The patient was the picture of rather advanced 
phthisis There were signs of considerable consolidation and possible cavity for- 
mation at both lung apices The fingeis were moderately clubbed The "daily 
temperature varied fiom 36 to 38 C 
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Present Illness— On May 13 the platelet count made as routine was 210,000, 
and the bleeding tune was normal Four days later, without other change m 
symptoms, the patient had profuse epistaxis and bleeding fiom the gums He had 
continued bleeding from a hang nail on the thumb, also hematuria, melena, and 
hemoirliages from acne lesions on the face A fine petechial rash was present on 
the abdomen and legs The slightest rubbing brought out new flecks 

Laboiatoiy Examination — The bleeding time was enormously prolonged (over 
two houis) The platelet count was 4,000 Coagulation time normal °(5 mm ), 
clot firm and non retractile Leukocytes 19,000 Polymorphonucleais 74 per cent 
Lymphocytes 16 per cent Eosinophils 10 per cent Basophils 0 per cent Ho 
blasts Eeds normal m appearance, size and shape Hemoglobin 80 per cent , Sahh 
Urme and stools normal except for the presence of fresh blood Sputum con- 
tained many tubercle bacilli 

Course of the Disease — On the following day no platelets could he found, 
either an stained smears or in counting chambers Their presence, m small num- 
bers, was demonstrated, however, by examining the undiluted plasma by Burkei’s 

Table 2 — "Results op Daily Examination of Blood in Case 3 


Date 

Platelet Count 

Bleeding Time 

Hemorrhages 

May 

14 

- 210,000 

Normal 

None 

« 

17 



Severe 

ft 

18 

4,000 

Extreme delay 

Severe 

if 

19 

Below 1,000 

Extreme delay 

Severe 

if 

20 

10,000 

Extreme delay 

Severe 

tf 

21 

Below 1,000 

Extreme delay 

Severe 

ff 

22 

110,000 

Normal 

None 

ff 

23 

210,000 

Normal 

None 

ff 

24 

295,000 

Normal 

None 

ff 

26 

385,000 

Normal 

None 

ft 

27 

520,000 

Normal 

None 

ft 

28 

550,000 

Normal 

None 

ft 

30 

720,000 

Normal 

None 

June 

1 

720,000 

Noi mal 

None 

ft 

7 

640,000 

Normal 

None 

if 

12 

400 000 

Noimal 

None 

ft 

17 

500 000 

Normal 

None 


method Fibrm was present m abundance m this preparation and consisted of 
thick fibrils There was no change m either symptoms or laboratory findings until 
May 22, when all hemorrhages ceased as suddenly as they had set m The platelet 
count had suddenly increased to 110,000 The bleeding time had dropped to 
normal The coagulation time was not noticeably changed The clot was noimally 
retractile During the two months following there was no further bleeding 
The results of the daily examinations are contained m Table 2 
Case 4 — Idiopathic pin pur a hemorrhagica (Case observed m Professor 
Riehl’s clinic, Vienna ) 

History — J S , man aged 33, postman Family history unimportant Scar e 
fever at 10, sore throat at 21, no other illnesses For the four days previous o 
admission to the hospital the patient had been troubled with epistaxis and incl 
noticed a purpuric rash History otherwise negatne 

Physical Examination — A well developed and nourished roan Except for me 
petechia; scattered orer face, body, legs and arms, nothing of importance was 
disclosed 
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Laboi atory Examination — For the platelet count and bleeding tune, see 
Table 3 Coagulation time noimal Clot firm and non-retractile White count 
varied fiom 3,000 to 13,000 Polymoi plionuelears 33 to 50 per cent , remainder 
lymphocytes with occasional eosinophils and basophils No blasts Hgb 70 to GO 
per cent, Sahli Appearance of reds normal Urine and stools not remaikable 
except for the presence of a considerable quantity of blood 

Course of the Disease — The patient was under observation about one month 
During this time there was but little impiovement After the first few days 
the stools and urine contained only traces of blood Numbers of fine petechne 
appeared at frequent intervals Submucous hemorrhages appeared frequently on 
the tongue, gums and cheeks, and from these would proceed small hemorrhages 
Slight epistaxis was present a considerable part of the time The bleeding time 
was always prolonged — at some times much more than others The shortening of 
the bleeding time and amelioration of hemorrhage bore possibly some relation to 
variation m the platelet count Counts, however, at a level of 10,000 are none 
too accurate, and it is perhaps unsafe to draw conclusions from them 

Table 3 — Platelet Coent and Bleeding Time in Case 4 


-r, , Platelet 

Date Count 

Prolonged 
Bleeding Time 

Hemorrhage 

Fresh Petechne 
on Skin 

l 

February — 




25 Under 1,000 

Extreme 


Many 

27 Under 1,000 

Extreme 

-iv? ■ 8 JB mm 

Many 

March — 




1 Under 1 000 

30 mm 

Much 

None 

2 4,000 

Extreme 

Slight 

None 

3 9,000 

7 mm 

Slight 

None 

4 5,000 

Moderate 

Slight 

Mod number 

5 1,000 

Extreme 

Slight 

Mod number 

6 Under 1,000 

Extreme 

None 

Mod number 

10 3,000 

Moderate 

None 

None 

11 2,000 

Extreme 

None 

None 

13 2,000 

Extreme 

Slight 

None 

14 6,000 

12 mm 

Slight 

None 

15 9,000 

10 mm 

Slight 

None 

1G 7,000 

8 mm 

None 

None 

17 2,000 

Extreme 

Slight 

Many 

18 6,000 

7 mm 

Slight 

None 

19 

Extreme 

Slight 

Many 

20 Under 1,000 

Moderate 

Slight 

Many 


One of the most striking features of the case was the patient’s good general 
condition and freedom from symptoms other than hemorrhage 

Case 5 — Epistaxis in a woman with phthisis (Case observed m Professor 
Romberg’s clinic, Tubingen ) 

History — K, woman aged 35, housewife Family and past history negative 
for hemorrhagic disease For several months the patient had had symptoms of 
rather rapidly adiancmg phthisis For three days she had had epistaxis History 
otherwise unimportant Physical examination disclosed considerable consolida- 
tion at lung apices until possible cavity formation Nothing further of importance 
Dailv temperature varied from 37 to 40 C 

Slight epistaxis continued for four days and then ceased This and the pro- 
longed bleeding time u ere the only evidences of hemorrhagic diathesis (For the 
platelet count and bleeding time see Table 4 ) 
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Case 6 —Ecchymoses and epistaxis tn a man imth aplastic anemia (Case 
observed m Professor Biehl’s clinic, Vienna } 

History —Man, aged 27, clerk Family and past history negative foi hemor- 
rhagic disease For six months the patient had been troubled with subcutaneous 
swellings which appeared first on the cheeks and later on the hps and fiont of the 
chest He had been troubled with an occasional slight epistaxis and had noticed 
a discoloration of the skin ovei many of the tumors 


Table 4 —Platelet Count and Bleeding Time in Case 5 


Date 

Platelet Count 

Prolonged 
Bleeding Time 

Epistaxis 

May 12 

55,000 

Moderate 

Slight 

“ 13 i 

50,000 

Moderate 

Slight 

“ 15 

65,000 

Moderate 

Slight 

“ 18 

75,000 

Slight 

None 

“ 20 

80,000 

Normal 

None 

“ 23 

88,000 

Normal 

None 

29 

74,000 

Normal 

None 

June 2 

130,000 

Normal 

None 

“ 12 

150 000 

Noimal 

None 

“ 17 

190’, 000 

Normal 

None 


Physical Examination — A pale, emaciated man with subcutaneous growths 
involving mucous membrane of nose and lips, skin of cheeks, chest and abdomen 
Over most of the tumors were blue to yellow discolorations of the skm The 
tumors weie histologically cellular infiltrations of the subcutaneous tissue of 
unknown character Physical findings otherwise of no interest m this connection 
Laboratory Findings — For platelet count and bleeding time see Table 5 White 
count varied from 7,000 to about 500 Of these 50 per cent to 90 per cent were 
lymphocytes, the lemamdei polymorphonuclears with an occasional eosinophil and 


Table 5 — Blood Findings in Case 6 


Date 

Platelet Count 

Bleeding Time 

Leukocytes 

Feb 7 

22,500 

5 mm 

2,000 

“ 9 

19,500 

5 mm 

below 7 1,000 

" 14 

94,500 

2 mm 

2,500 

“ 18 

177,000 

1 mm 


“ 20 

216,000 

1 min 

7,000 

“ 24 

180 000 

1 mm 

3,000 

“ 27 

120,000 

1 mm 

5,000 

Mch 11 

165,000 

1 mm 

5)500 


basophil Ho blasts Fed count 3,500,000 , Hgb 50 per cent , Salih, red count and 
Hub did not -i ary markedly while the patient was under obsei ration Feds varied 
slmhtlv m size and shape Ho stippling The urine and stools contained no blood 
° Course of Disease -During the first few days m the hospital the patient had 
slight epistaxis, after this, none The discolorations of the skm began to fade 
soon after entering the hospital The blood-picture m this case was of great 
mteiqst but cannot be dealt with at length m this paper 
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Case 7 — Chronic put pur a hetnori haqica, in a girl with prolapse of the rectum 
(Case observed m tlie New York Hospital See Reference 13 for moie complete 
report of case ) 

History — Georgiana, girl, aged 3 One sister was bom witli a peteclnal rasli , 
family histoiy otherwise negative The patient has several times had piolapse 
of the rectum Since the age of 19 months she has been subject to nose bleed and 
ecchymosis on slight injury On two occasions epistaxis was so seveie and pro- 
longed that her life was almost despaired of On one of these occasions direct 
transfusion of blood was carried out by Dr E D McClure Following this there 
was complete cessation of hemorrhage for thiee days On the fourth day she had 
slight hemoirliage from the nose, vagina and tiansfusion wounds On one occa- 
sion a fine generalized petechial rash appeared after straining at stool The 
patient came under observation once with vancella Each vesicle was surrounded 
by a small subcutaneous hemoirliage 

At the time of the one blood examination, the patient was subject to cpistaxis 
and had on hei face and body several large eccliymoses The platelet count was 
then below 10,000, bleeding time ovei one hour, coagulation time normal, clot 
film and non-ietractile 

At the time of another examination, no evidence of hemoirliage could be found 
Platelets were then present m abundance Bleeding time 5 to 10 minutes Clot 
letiaetile 

Case S — Severe purpura hemorrhagica m child with diphtheria (Case 
obseived m Piofcssor Esehencli’s clime, Vienna ) 

History — A E , boy aged 6 Family and past lnstoiy negative for hemonliagic 
disease 

Present Illness — For several days before admission to the hospital the child 
had had soi e throat For two days the mother had noticed eccliymoses about the 
face For one day he had had epistaxis 

Physical Examination — The child was extiemely toxic and ill Examination of 
the tin oat disclosed a typical diphtheritic membrane On the face were several 
eccliymoses, 2 to 4 cm m diameter 

Laboratory Examination — Platelet count 3,000, bleeding time extremely pro- 
longed , coagulation time noi mal , clot firm and non -retractile , white count 7 5,000 

The patient died two days later Anatomical diagnosis, pharyngeal diphthena, 
toxic myoeaiditis, toxic nephutis 

Case 9 — Chrome purpura hemorrhagica m a woman with gasiro intestinal 
trouble (Case observed m Prof von Noorden’s clinic, Vienna ) 

History — J W , maid aged 37, cook Family nistoiy negative for hemorrhagic 
disease 

Past History — Migiatory polyaithiitis at age of 18 She has always been 
subject to attacks of tonsillitis Since the age of 25 she has had considerable 
stomach trouble, especially duung the summer months Mam complaints were 
pain, usually at its woi st at night, anorexia, nausea and vomiting She has always 
been tioubled with constipation and has frequently seen mucus m the stools Never 
noticed blood m stools nor vomitus 

Present Illness — Since childhood she has been subject to epistaxis and eccliy- 
mosis following slight injury Since her stomach trouble began this tendency has 
been much woise, and like the stomach trouble, is at its woist duung the summer 
months Has foi periods had epistaxis, bleeding from the gums, profuse menstru- 
ation and has been almost covered with ecchvmoses When patient came under 
obseriation hemorrhagic symptoms were mild Mam complaint was stomach 
trouble, constipation and menorrhagia Physical examination disclosed nothing 
of importance except a few small blue and yellow eccliymoses scattered over the 
body The uterus was normal m size and position 
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Laboratory Examination —Test meal not remarkable except for slight hyper- 
acidity Urme and stool not remarkable Platelet count 9,000 Bleeding time 
twelve “mutes Coagulation time five minutes Clot firm and non-retractile 
Leukocytes 9,000 Polymorpbonuclears 91 per cent Lymphocytes 8 per cent No 
blasts Hgb 90 per cent S Reds normal m appearance One week later the 
platelet count was as before, 9,000 The bleeding time was eight minutes There 
had been no marked change m the symptoms 

Case 10 — Few ecchymoses in a man with alcoholic cirrhosis of the liter, 
chrome interstitial nephritis, secondary anemia 

The patient, at the time of examination, had several ecchymoses around the 
knee, which had appeared without adequate cause No other evidence of hemor- 
lhagic disease 

Platelet count, 50,000 Bleeding time normal 


Case 11 — Hematemesis in a man with cirrhosis of the liver 
At the time of examination the patient was vomiting blood, and had tarry 
stools In this case there was no definite evidence of hemorrhagic disease 
Platelet count 60,000 Bleeding time normal 
Case 12 — Epistaxis in a man with malignant syphilis 

The day preceding the blood examination, the patient had had severe epistaxis 
No local cause for bleeding found 

Platelet count 65,000 Bleeding time normal 

A few weeks after the above examination the patient had tuberculous peri- 
tonitis 

(Cases 10, 11, 12 were observed m Prof Romberg’s clime, Tubingen ) 

Case 13 — Severe purpura hemorrhagica in a man with aplastic anemia {proved 
at autopsy ) (Case observed in private practice ) 

The patient at the time of examination had bleeding from tbe gums and severe 
epistaxis Several large ecchymoses were scattered over the body 

Plates very scarce m fresh and stained blood-preparations Bleeding time 
moderately prolonged 


SUMMARY OF CASES 


The severer of the cases were examples of purpura hemorrhagica and 
presented the following symptom complex 

1 Purpura, usually present, conformed to two distinct tj r pes ecehy- 
moses and petechias The ecchymoses, evidently brought out by mechan- 
ical agents such as slight blows, rubbing, etc, presented a vaned appear- 
ance In some instances they were simply small bruises, m others large, 
elevated, indurated, blue to yellow areas over 35 cm in. diameter Their 
appearance was dependent partly on the nature of the injury which 
bi ought them out, partly on the intensity of the hemorihagic diathesis 
The petechias often developed without local mechanical cause When 
such was the case they consisted of small flecks, 1 to 3 mm m diameter, 
were more or less uniform m size, had usually a very general, and some- 
times an almost universal, distribution They were observed even on the 
scalp, soles of the feet, conjunctiva?, mucous membrane of tbe mouth, etc 
Thev were, as a rule, most abundant on the dependent parts and m these 
localities were frequently confluent, forming flat blue to yellow flecks 
1 to 2 cm m diameter Petechias,althougk often appearing without 
apparent local cause, were not entirely independent of mechanical influ- 
ence They were frequently brought out by rubbing, scratching, etc In 



WILLIAM TP DUKE 


439 


one patient, a fine petechial rash appeared immediately after straining at 
stool (Case 7) A petechial rash was most commonly observed m patients 
who were up and about and woikmg, and frequently faded rapidly when 
they were confined to bed The latter observations make it seem that 
changes m capillary blood-pressure play some role m the production of 
this rash 

The appearance of the purpura was modified by the co-existence of 
other skin lesions and sometimes gave rise to peculiar appearances For 
example, m a patient with chicken-pox (Case I), a small area of purpura 
surrounded each vesicle In a patient with acne rosacea (Case 3) each 
pustule was the site of a small hemorrhage In a patient who presented 
numerous peculiar subcutaneous tumors there was a blue to brown dis- 
coloration of the skm over each growth (Case 6) 

2 The ecehymoses were frequently, and the petechias almost always, 
accompanied by bleeding fiom one or moie mucous surfaces — m fact, 
epistaxis, bleeding from the gums, etc , were the symptoms usually first 
noticed by the patient Often bleeding proceeded from trivial abrasions 
of the mucous membranes, sometimes from petechias m the mucous 
membiane and occasionally oozed fiom membranes on which no lesion 
could be discovered 

' 3 The bleeding time was m all cases prolonged, usually very much so 
It exceeded one hour, as a rule, when symptoms were severe, and dropped 
to normal as soon as the condition was relieved This is one of the most 
constant and distinctive features of this disease It is the consequence 
of a tendency which these patients have to bleed profusely from every 
vascular lesion no matter where or how produced For example, one 
patient, with a bleeding time exceeding two hours, bled for hours fiom a 
hang nail on the thumb, bled profusely fiom acne lesions on the face, 
the chewing of coaise food caused the gums to bleed, there was blood m 
the mine and stools, and the rubbing or scratching of the skm brought 
out petechias 

4 The platelet count, m all severe cases, was reduced to the point of 
almost total absence It did not exceed 10,000 m a single instance, and 
fiequently was so low that platelets could be found neither m stained 
smears noi m counting chambeis In two instances in which it was 
believed from tlie above examinations that platelets were totally absent, 
the undiluted plasma was studied by Burker’s method 22 and the presence 
of a few platelets demonstrated As previously stated, the count was 
alums excessively low while the general symptoms were severe In eveiy 
case, a use m the count was accompanied by marked amelioration or 
complete relief of hemorihagic diathesis As a rule, the rise occurred 

22 Burker K Erne omfaclie Metliode zur Gewmnung von Blutplattchen 
Central!)] f Physiol , June 20, 1903 
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spontaneously, but m three cases (Cases 1, 2 and 7) it was evidently the 
direct result of transfusion In these cases, the tendency to bleed 
returned as soon as the count reached the low level which existed prior to 
transfusion In one instance (Case 4) platelet counts were made almost 
daily for a period of twenty-four days In this case the tendency to bleed 
was most marked when the count was below 1,000, and amelioiation of 
symptoms was noticeable whenevei it rose to 9,000 The percentage of 
error m counting platelets is greatei when the count is extremely low 
than when it is about normal It is hardly safe, therefore, to draw 
conclusions from such slight variations 

5 In every case the coagulation time fell within normal limits Wo 
sti iking variation m this either with the platelet count or with the 
severity of hemorrhagic diathesis was noted 

6 The clot was firm m every case 

7 The clot was non-retiactile m every case so long as the platelet 
count was extremely low , and showed more or less retractility as soon as 
the count rose 

Many of the symptoms 311st mentioned were lacking m the milder 
eases , m fact, m these the diagnosis of the condition rested on the finding 
of a low platelet count The symptoms most frequently complained of 
were small ecchymoses and epistaxis Frequently neither was obsened 
and the possibility that hemorrhagic diathesis existed was suggested 
simply by the fact that hemorrhage was present and seemed somewhat 
too severe or prolonged to be entirely accounted foi by its local cause 
Such hemorrhages were, for example, continued bleeding fiom intestinal 
ulcers (Case 2), profuse hemorrhage from esophageal varices (Case 11), 
profuse and prolonged menstruation (Case 9), etc 

The bleeding time m the milder cases was m some instances normal, 
and m others slightly or moderately prolonged The platelet count fell 
between 19,500 and 60,000 The coagulation time was within normal 
limits The clot was firm, and as a rule, gave diminished retractility 

There can be little doubt that the mild and the severe cases, difieung 
as much as they did m hemorrhagic manifestations, aie examples of one 
and the same disease, differing only m degree ^ 

The entire symptomatology'' of the condition may be summarized by 
stating that m this disease there exists a tendency to bleed from every 
vascular lesion, no matter how produced In severe cases an elevation of 
capillary blood-pressure by exercise, straining, etc , a rubbing or scratch- 
ing of the skin, the presence of inflammatory lesions 01 of minute cuts 
or other abrasions of the skm are sufficient to produce purpura or pro- 
longed hemorrhage In mild cases, however, moie severe lesions are 
required to produce the same phenomena It is extremely interesting to 
find that a consistent tendency to bleed is not more frequently obsen ed 



WILLIAM W DUKE 


4G1 


m the other types of hemorrhagic diathesis Such is the exception and 
not the rnle As mentioned, when discussing the bleeding time, we ha\e 
obseived patients with jaundice who bled profusely after opeiation and 
yet had a normal bleeding time and no puipura The same observation 
was made on a patient with hemophilia A patient with jaundice, 
eccliymoses, epistaxis and blood m the mine and stool gave a noimal 
bleeding time Seveial patients with purpura simplex who weie almost 
covered with large eccliymoses had no hemorrhage from mucous mem- 
branes and would hardly bleed at all when the ear was pucked All of 
the patients just mentioned gave high platelet counts 

THEORETICAL CONSIDERATIONS AND EXPERIMENTAL RESULTS 

The following facts have led me to believe that an absence of blood- 
platelets plays an essential idle m the pathogenesis of the type of puipuia 
hemorrhagica with which we are here dealing 

1 Eveiy case of pathologic hemorrhage observed by me, which pie- 
sented a ceitam clinical picture (purpuia, bleeding fiom mucous mem- 
branes, a piolonged bleeding time, a normal coagulation time and a firm 
blood-clot) had enormously reduced platelet counts The tendency to 
hemorrhage vanished when the platelet count lose to a ceitam point, and 
reappeared when the count fell The first observation was alike tiue, 
whether the rise m the count occurred spontaneously (Cases 3, 4, 5, 6) 
or was the dnect result of transfusion (Case 1, 2 and 7) 

2 A large number of platelet counts were made by me m three disea=es 
(diphtheria, tuberculosis and nephutis) m which purpura hemonhagica 
of the type lieie descubed was thought to be a complication The typical 
disease-pictuie appeared m two instances (Cases 3 and 8) and m only 
two In both of these cases the platelet counts were below 3,000 These 
weie the lowest counts found m this senes of cases In a thud case (Case 
5) the count, for a few days, vaned between 55,000 and 65 000 The 
patient at this time had nnld hemonhagic diathesis (epistaxis and a 
moderately prolonged bleeding time) Three rather low counts (40,000, 
60,000, 75,000) weie observed m patients with diphtheria who presented 
no evidence of hemorrhagic disease These results with others, which 
will be leported later, indicate that 40,000 to 75,000 is a level at which 
patients may or may not have a mild disposition to bleed A rnaiked 
i eduction below this, however, has been m my experience without excep- 
tion accompanied by hemoirhagic diathesis 23 

3 Purpura hemorrhagica occurs as a complication m a varied col- 
lection of diseases, all of which possess one feature m common — a liability' 

23 The cases of purpura hemorrhagica reported by Hayem aud Helber gave 
counts (40,000 to SO, 000) higher than anv observed by me uhen the estimation 
was made at a time when bleeding was severe This variance m results is possibly 
due to differences in the methods employed foi counting 
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o reduction m the number of platelets Hayem and Bensaude 5 . “ have 
observed it complicating lymphocytic leukemia, hemorrhagic small-pox 
and tuberculosis, Pratt 9 complicating nephritis. Selling^ complicating 
aplastic anemia due to benzol poisoning, I have found it complicating 
diphtheria (Case 8), tuberculosis (Case 3) and aplastic anemia (Case 
13) I have also observed it m a more or less severe form m patients 
suffering from chronic ulcerative colitis (Case 2), prolapsus of the rectum 
(Case 7), cirrhosis of the liver (Cases 10 and 11) and m a gastro- 
intestinal condition (Case 9), which seemed to he spastic constipation 
associated with gastric hyperacidity 

4 I have been able to produce severe hemorrhagic diathesis m anim als 
by reducing the platelet count by means of diphtheria toxin and mild 
hemorrhagic diathesis with benzol The condition appeared only m the 
animals m which the platelet count was enormously reduced It became 
apparent at the time when the platelets disappeared from the circulation 
and was relieved when the platelet count rose These results will be 
reported in. detail m a later paper One very interesting result was the 
following 

EXPERIMENTAL PURPURA HEMORRHAGICA 


Experiment 34 — Male rabbit, weight 2 5 kg 

Diphtheria toxin given in small doses (June 14 to 17, 1911), until the animal 
appeared to be somewhat ill The animal speedily recovered from the effects of the 
toxin and showed no further untoward symptoms On June 26th, that is, nine 
days after the last dose, it was noted for the first time that hemorrhage, resulting 
from a prick m an ear vein, was almost impossible to check The bleeding time, 
obtained by shaving the skm of the back and cutting fairly well through it with 
a razor, was excessively piolonged The fortieth drop of blood was almost as large 
as the first, that is, the flow of blood, after a period of twenty minutes, showed 
almost no diminution m intensity The bleeding time, when tested similarly in 
other animals, was one minute or less, m fact, in many instances the blood would 
hardly flow spontaneously at all On the following morning the hair covering the 
ear and back of the animal was matted with blood and the cage was everywhere 
spattered with blood A similar result was noted m no other of thirty-eight 
experiments Numerous subcutaneous hemorrhages in the ears were then noted 
for the first time This eruption was quite striking Some of the hemorrhages 
were about 0 5 cm m diameter — the majority were petechial, 1 to 3 nun m size 
These were distributed regularly over both ears, being as numerous over the areas 
which had not been punctured for obtaining blood as over the areas which had been 
shaved and pricked No purpura could be found on the surface of the body Such 
hemorrhages were seen m none of the other animals Blood collected m a test tube 
clotted quickly, but failed to retract and extrude serum even after standing four 
days The animal was at this time quite anemic and lemamed so as long as 
observations were continued The hemoglobin was 25 per cent The white count 
16,000 Polymorphonuclear cells 60 per cent Lymphocytes 40 per cent No 
blasts were seen 

The prolonged bleeding time and excessive hemorrhage from pricks m the ear 
veins continued unchanged for three days, that is, up to June 29 On this a e 
the bleeding time was less prolonged, the twentieth drop was about half the size 

24 Bensaude, E , and Rivet, L Purpura hCmorragique et tubereulose Presse 
mdd , July 25, 1906 
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of the first, and the liemonliage fiom pricks m the ear veins was less profuse 
The platelet count at this tune had risen to 64,000 and continued to rise The 
following day the bleeding tune showed only a slight delay and after that was 
always normal The bleeding from pricks m the ear veins was nevei again profuse 
The animal, during the following week displayed no tendency to excessive liemor- 
lliage The data m detail are given m Table 6 

Except for the absence of epistaxis, this was a perfect expenmental 
reproduction of the purpura hemorihagica which complicated diphtheria 
(Case 8) It was evidently the same condition both etiologically and 
pathogenetically All of the distinctive features were present, purpura, 
prolonged bleeding tune, an extremely low platelet count, blood which 
clotted quickly, gave a firm clot, and failed to retract and extrude serum 
The disease appeared the day the platelet count dropped to an extremely 
low level (4,000), persisted as long as the platelet count remained low, and 


Table 6 — Platelet Count in the Author’s Experimental Case 


Date 

Platelet 

Count 

Remarks 

Date 

Platelet Hemalks 

Count 

June — 
13 

430,000 


June — 
26 

4,000 

Purpura hemorrhagica 

14 

620,000 

Toxin S C 

27 

4,000 

Purpura hemorrhagica 

15 

600,000 


28 

8,000 

Purpura hemorrhagica 

16 

570,000 

Toxin S C 

29 

64,000 

Less severe 

17 

560,000 

Toxin S C 

30 

100,000 

Less severe 

18 

690,000 


July— 

1 

150,000 

Well 

19 

690,000 


2 

250,000 

Well 

20 

930,000 


3 

380,000 

Well 

21 

860,000 

970,000 

Animal Well 

4 

460,000 

Well 

22 

Animal Well 

5 

370,000 

Well 

23 

1,700,000 

Animal Well 

6 

Well 

24 

1,040,000 

Animal Well 

7 

570 000 


25 

440,000 

Animal Well 





disappeared as soon as the count rose No tendency to bleed was observed 
m othei animals treated with the same and much larger doses of diph- 
thena toxin This, I think, was due to the fact that the platelet count 
did not fall to such a low level 

In order to prove that an absence of platelets is a cause of hemorrhagic 
disease, it would be desnable to find the agency thiough which this might 
be possible 

Morawitz 2 ' found that platelets contain large amounts of prothrombin 
(or thrombogen or the antecedent substance of the fibrin ferment) 
Jones,- 0 working m Professor HowelPs laboratory, confirmed the results 
of Moiawitz, and m addition demonstrated that platelets liberate a tlirom- 

2o Morawit? Arch khn Med , 1904, lxxix, 215 Cited by Jones, Note 26 

26 Jones, S Bayne The Presence of Prothrombin and Thromboplastin m the 
Blood Platelets Am Jour Physiol , 1912, xxx, No 1 
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boplastic substance which he named thiomboplastm Tliese results make 
it appeal lemarkable that blood m which platelets can hardly be demon- 
stiated is able to clot both quantitatively and at a normal rate This is, 
howevei, hejond question a fact Both Denys and Hayem thought so 
from their microscopic studies of blood films My studies, which confirm 
their views, were as follows 

The platelet count in dogs was reduced to about 10 per cent of normal 
by lepeated injections of benzol In these cases blood coagulation was 
carefully studied The fibrinogen content of the blood was shown to be 
at the upper limit of noimal (0 55 per cent to 0 65 per cent ) The 
coagulation time was normal or slightly prolonged The latter was 
accounted foi bj r the presence of jaundice All the fibrinogen piesent 
was transformed into fibrin by coagulation — at least the blood-serum 
obtained, after coagulation, was shown to be free from fibrinogen (the 
seium, when neutralized and heated to 58 C , gave no precipitate) The 
results m the human eases weie m harmony with the experimental The 
coagulation time was about normal — in some cases even shorter than 
normal — the clot was firm and a microscopic study of the fibrin showed 
no striking qualitative or quantitative deviation from the normal 

The macroscopic appearance of the clot, noted both m the experi- 
mental and m the human cases, differed strikingly fiom that of noimal 
blood, inasmuch as it failed to retract and extrude serum Hayem, 2 the 
first to observe non-retractility of the blood-clot, performed some very 
rnterestrng experiments which throw light on its meaning He collected 
hoise blood, and at a low temperature, threw down the red and white - 
corpuscles by centnfugalization The supernatant plasma contained an 
abundance of platelets From a portion of this, platelets were removed 
by filtration Both specimens were then allowed to clot The portion 
containing platelets retracted and extruded serum The filtered portion 
clotted, but failed to reti act Hayem concluded that platelets give to the 
clot its property of retractility It has been obseived, however, that 
under some conditions, blood containing an abundance of platelets, gives 
a non-retractile clot The clinical and experimental results on this sub- 
ject of Hayem, Le Sourde and Pagmez 27 and otheis, may be summarized 
by saying that the presence of blood-platelets seem indispensable for 
noimal retractility of the blood-clot, but retraction occasionally fails to 
take place even when platelets are present m abundance 2 Le Sourde 
and Pagmez 28 have recently shown that the blood of patients with pur- 
pura hemorrhagica gives a retractile clot if a suspension of blood platelets 


1907, iv, No 4 


27 Le Sourde and Pagmez Jour de physiol et path gin . 

C '% d S "ifsoLe and Pegmez Un cas de Purpur., Hemorrlng.qne nree D,ep»„- 
tion totale des Plaqucttes du sang Pull et mfrm i_oc m iop 

July 12, 1912 


WILLIAM TF DUKE 


4G5 


is added to it Whether this mteiestmg hut more or less an artificial phe- 
nomenon (failure of the clot to retract) is an evidence of an abnormal 
fibrin formation which could play a part m the pathogeny of hemonhagic 
disease, is questionable It may be due to the fact that platelets are not 
present to anchor together the filaments of fibrin, 01 it may be compai- 
able to the failure of xhe milk clot to letract This happens if lennet is 
added to it m insufficient amount 29 

Hayem produced a condition of the blood which both Denj's 1 and 
he 3 ' 30 considered analogous to purpura hemorrhagica He injected blood- 
seium of one animal into the circulation of an animal of different species 
The platelets began immediately to stick together and finally formed 
clumps so large that they weie to a great extent filtered oil fiom the 
circulating blood by the capillanes He states that a similar condition 
follows the injection of rattlesnake venom m animals This was considered 
by Denys and Hayem to he the pathogenesis of puipuia heinoriliagiea 
They suggested that multiple platelet emboli could account foi the pur- 
pura, and abnormal coagulation for the hemonhage This ingenious and 
attractive theory explains, peihaps, some types of hemonhagic diathesis 
I am, however, unable to reconcile it with all the data obtained in my 
studies and at piesent believe that the type of disease described m this 
paper has a totally diffeient cause It is not desirable at present to 
discuss this question at length, for experimental purpura hemonhagica 
produced by the injection of diphthena toxm offers such an admuable 
opportunity for further study This condition we are safe m assuming 
is exactly the same as that observed m humans It may be permissible, 
however, to mention briefly several observations which I cannot reconcile 
with the theory of Denys and Hayem 

1 Following the intravenous injection of peptone into animals, a con- 
dition results which is analogous to that produced by Hayem with animal 
seium The platelets clump together and are to a large extent filtered off 
fiom the circulating blood Such blood withdrawn m a blood-pipet and 
diluted (1-100) with Wright and Ehnnicutt’s solution or a 4 per cent 
aqueous solution of sodium metaphosphate, gives a striking picture The 
led cells are laked and the platelets are clumped into masses of fiom 
several to several hundred Such a condition as this was not observed 
m the study of my human or expeiimental cases Even in Experiment 
31, uhen 1,700,000 platelets per mm of blood disappeared fiom the 
cn dilation within three days, no tendency to clumping was observed 

2 In Case 7 a petechial rash appeared immediately after straining at 
stool This certainly suggests a wide-spread capillary rupture as the cause 

29 R Br mlcr Der Enifluss verschiedener Labmengen imd verschiedener Tem- 
peraturen auf die Gerinnung der Mileli und auf die mikroskopische Struktur der 
Ka<=cm und Fibrmgermnsel Arch f ges Phys , 1910, cxxxin, 519 

30 Ilaj era, G Logons sur les maladies du sang Masson, 1900, p 5SG 
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o purpma, not platelet emboli Other facts might be mentioned m 
support of this For instance, purpura was often biought out by blows 
rubbing, etc Petechias weie most abundant on the dependent parts 
w len the patients were up and about, and often disappeared completely 
when they were confined to bed 

3 In Case 4 the platelet count was below 10,000 for a period of neaily 
a month During this time great numbers of petechias appealed, and at 
this time there were scarcely enough platelets present to produce a suffi- 
cient number of emboli to account for them 

4 In Case 1, the purpuia faded lapidly after transfusion and did not 
reappear as the platelets mtioduced by transfusion vanished If the dis- 
appearance of these platelets was the result of clumping and emboli sm , the 
puipura should have been increased instead of decreased by transfusion 

Hemorihagic diathesis of this type can be accounted for theoretically 
best, I believe, as follows It is well known that hemorrhage is not 
stopped by a clot, such as is seen on the surface of wounds, but chiefly by 
intravascular plugs (thrombi) A clot and a thrombus have totally 
different architectures and modes of formation A clot is formed from 
blood at rest, and consists of a homogeneous mixture of platelets, red 
cells, leukocytes, fibrin, etc Without question, the coagulation of 
fibrinogen plays the essential iole m this process It takes place at 
about the normal rate, and quantitatively whether platelets are present 
or not A thrombus, however, is a different matter It is formed from 
blood which is flowing, and we have reason to believe that for its forma- 
tion a certain number of platelets is indispensable Platelets, from the 
property they possess of sticking to injured tissue and then to each other, 
adhere to any injured point m a blood-vessel and are deposited there m 
enormous numbers by the blood as it flows past 31 This is the beginning 
of the process which plugs a bleeding vessel Later, fibrin, leukocytes 
and red cells are deposited and, finally, thrombosis is complete Judging 
fiom the experimental lesults, platelets not only initiate, but also make 
up a large part of the bulk of a completed thrombus It is easily con- 
ceivable that an almost complete absence of platelets from the blood 
should lead to abnormality in the initiation or completion of thrombosis, 
and be a cause of prolonged hemorrhage, whether the fibrin-forming 
elements were normal or not The fact that a patient bleeds for an hour 
or more from a pm prick or a mere scratch is abundant evidence that 
m that patient thrombi fail to form, and since an absence of blood 


31 Hayem, G (a) Recherclies sur I’atonue norm et path du sang Pans, 
1S7S, (b) Compt rend Acad des sc , July 18, 1S82, (c) Bizzozero Virchows 

Arch f path Anat, 1SS2, xc, 261 (4) Eberth and Sehimmelbusch Virchows 
Arch f path Anat, 1SS5, ci, 1886, cm, cv The foregoing cited by _Wekh e) 
Welch, William H The Structure of White Thrombi Tr Path Soc Philadelphia, 

18S7, xi u 
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platelets is constantly accompanied by this phenomenon, it seems evident 
that the role played by platelets m thrombus foimation is an essential 
one I have studied experimental thrombi by the methods used by 
Piofessor Welch m rabbits m which the platelet count was reduced to as 
low as 60,000 by subcutaneous injections of benzol Thiombi foimed m 
such a nim als They seemed smallei than normal, but contained, as do 
normal thrombi, great numbers of agglutinated platelets and leukocytes, 
and also fibrin and red cells These results harmonized with the fact that 
these particular animals displayed no striking tendency to bleed abnor- 
mally long We have not yet studied thrombus formation m the more 
extreme cases m which platelets are almost totally absent from the blood 
and hemoirhage is excessive 

An absence of platelets perhaps accounts for the tendency to bleed 
fiom cuts The explanation of the purpura, however, is not so clear My 
evidence suggests that both forms of purpura (both the fine pptechias and 
the eeclijmoses) aie due to hemorrhage from ruptured blood-vessels, and 
not to thrombosis nor platelet emboli Whether or not the vessels m this 
disease are abnormally friable is difficult to say It is possible that m 
healthy individuals, under the usual conditions of life, a few capillaries 
are continually rupturing, and that the minute ruptures are immediately 
closed by the adherence of a few platelets and a few filaments of fibrin 
When the tendency to bleed is pathologically enormously increased, it is 
possible that such ruptures lead to visible hemorrhages which appear as 
fine petechias Bruising, rubbing, etc , would cause a number of ruptures 
m a small area and lead to the formation of the larger hemorrhages — 
the eccliymoses This explanation seems in accordance with facts as I 
now understand them It explains, I believe, the fine petechias and the 
traumatic ecchymoses of the platelet fiee type of disease It is not 
believed, however, that it would account for the larger purpuric flecks 
seen m other types of hemorrhagic disease, which appear without local 
causes 

As to etiology, it may be said that any agent which lowers the platelet 
count to a point of almost complete absence would appear to be a cause 
of puipura liemoirhagica Purpura hemoirhagica of this type, would 
seem to be then, a sjmptom, not a disease Severe cases have been 
observed complicating lymphocytic leukemia, hemorrhagic small -pox, 
tvbeiculosis, nephritis, aplastic anemia, benzol poisoning, diphtheria and 
gastio-mtestmal conditions Further study will undoubtedly add to tins 
h^t A minority of the cases develop m individuals who seem otheru lse 
healthy 

SUMMARY AXD COXCLUSIOXS 

1 Bi comparing symptoms and blood findings m all patients observed 
dnrmg a peiiod of three yeais, uho displaced a pathologic tendeiic} T to 
bleed, it has been possible to pick out a certain group of cases which 
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presents a characteristic clinical pietme, which is due wholly or m pait 
it is believed, to an enormous reduction m the numbei of blood-platelets' 

The disease in its severer form almost constantly presents the fol- 
lowing symptom-complex 1 Purpura of one or two types — petechias 01 
eeehymoses 2 Hemorrhage from mucous membranes 3 A tendency to 
bleed from every vascular lesion, no matter how produced In consequence 
of this tendency, the bleeding time is very greatly prolonged, often exceed- 
ing two hours 4 A normal coagulation time 5 A firm blood-clot 6 
In consequence of the absence of platelets, a clot which does not retract 
and extrude serum In all cases (seven) seen by me showing the above 
picture, file number of platelets was leduced almost to a point of absence 
Counts weie all below 10,000, and as a rule, below 1,000 (The noimal 
platelet count vane c from 200,000 to 400,000 ) 

The disease m its milder form presents a different picture The most 
common symptoms m the milder cases are eeehymoses following slight 
nrjuiy and epistaxis Sometimes neither puTpura nor bleeding from 
noimal mucous membianes appeals and the only evidence of hemorrhagic 
diathesis is severe hemorrhage accounted foi to a greater or less extent 
by local causes, for example, continued bleeding fiom intestinal ulcers, 
from esophageal varices, profuse and prolonged menstruation, etc The 
bleeding time m the mild cases is sometimes normal and sometimes 
slightly or moderately prolonged The coagulation time is noimal, the 
clot firm, retractility diminished The diagnosis rests on the finding of 
a reduced platelet count It varied, m my cases (six), from 20,000 to 
65,000 

2 Hemorrhagic diathesis can he followed best m this disease by 
determining the bleeding time at frequent intervals The simple observa- 
tion of purpura, spontaneous hemorrhage, etc , may lead to false conclu- 
sions m regard to the general condition, for these symptoms are often 
due to general and local causes combined 

3 When there was opportunity to make such observations it was noted 
that the disease appealed when the platelet count fell to an extremely low 
level, persisted so long as the count remained low and disappeared as soon 
as the count rose 

4 The disease was lelieved immediately m two cases by direct trans- 
fusion of Wood The relief was coincident with an increase in the platelet 
count, evidently a direct result of the transfusion Sjunptoms letuined 
when the platelet count fell again 

5 The disease was produced m rabbits by reducing the platelet 
count with diphtliena toxin The disease appeared the dav the platelet 
count descended to a point of almost complete absence and persisted un 1 
the platelet count rose Hemorrhagic diathesis m mild form was broug i 
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about with lepeated injections of benzol In the latter experiments the 
count did not descend to such a low level as m the former 

6 In a senes of thirty-eight animal experiments, 32 m which the 
platelet count was enoimously changed with subcutaneous injections of 
benzol, diphthena toxin and tubeiculm, and also m a large series of cases 
m humans m which routine platelet counts were made, only those having 
extremely low counts gave the complete symptom-complex described 
above. Several platelet counts between 40,000 and 75,000 were observed 
m patients who had no maiked tendency to bleed This seems to be the 
level at which patients may or may not have an abnormal tendency to 
bleed Ho counts lower than these weie observed m patients not subject 
to hemorrhage 

7 The disease has been observed complicating a varied set of diseases 
— m seveie foim m lymphocytic leukemia, hemorrhagic small-pox, tuber- 
culosis, nephritis, benzol poisoning, aplastic anemia and diphtheria The 
one featuie m common m these cases was the low platelet count and the 
modification of the clot dependent on it , i e , absence of retractility 
Puipura hemorrhagica of the type described would seem, therefoie, a 
symptom, not a disease It is caused apparently by any agent which 
i educes the platelet count to a sufficient degree 

In conclusion I wish to expiess my tlianks to Drs W W Gannett, F C Shat- 
tuck, F T Murphy and Hugh Cahot of the Massachusetts General Hospital, to Dr 
L A Conner of the New York Hospital, to privatdocents von Jagic of the von 
Noorden clinic, Kren of the Rielil clinic and Schick of the Eschench clinic m 
Vienna, and to Professor von Rombeig of the Medical clinic m Tubingen for the 
pnvilegcs gi anted m their wards and laboi atones while this study was being com- 
pleted, also to Dis J II Wright and Roger Kmmcutt of the Massachusetts Gen- 
eral Hospital foi the use of their excellent method for counting platelets, and to 
Dr G H Whipple of the Hunterian Laboratory for Experimental Pathology of the 
Johns Hopkins Hospital for the privilege of working m lus laboratory and for 
suggestions regaiding fiknnogen analysis 

Rialto Building 
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THE WASSERMAOT TEST IN THE TROPICS 
L B BATES, MD 

ANCON HOSPITAL, PANAMA, C Z 

Probably eveiy physician who performs the Wassermann test adopts 
certain minor variations m technic, which tend to make the test more 
satisfactory m his hands It is always interesting and instructive to learn 
the writer’s technic before reading Ins results The Hoguehi modification 1 
of the test has been used m the board of health laboratory at Ancon 
because it is one of the most accuiate complement deviation tests for 
syphilis, because every reagent may be titrated separately and standard- 
ized, and because there is always abundant opportunity for obtaining 
human blood 

TECHNIC 

Corpuscle Suspension — A little over 1 e c of human blood is taken m 9 c e 
of a solution containing 0 9 per cent salt and 1 5 per cent sodium citrate The 
corpuscles are washed three times with normal salt solution and then centnfugal- 
ized for measurement As 1 c c of blood contains approximately 0 4 c c of cor- 
puscles, the blood is taken into a graduated centrifuge tube and after washing, 0 4 
c c of corpuscles are suspended in 10 c c of normal salt solution to obtain a 10 
per cent suspension This method of measurement is easy and gives a constant 
suspension 

Hemolytic Amboceptor — The amboceptor is prepared m the manner advocated 
by Noguchi The amboceptor unit determined by the use of an overwhelming 
amount of complement has not been a satisfactoiy unit for practical purposes m 
my hands Instead I have detei mined the amboceptor unit by the following 
method described by Noguchi To a series of tubes each containing 1 cc of a 1 
per cent suspension of human corpuscles and 0 02 c c of mixed guinea-pig serum 
is added a varying amount of amboceptoi , the amount which causes complete 
hemolysis in two hours is considered one unit 

Complement — The complement consists of the mixed sera from several guinea- 
pigs This is never over twenty-foui hours old at the time of use The blood is 
obtained by aspirating the heart under aseptic precautions with a 10 c c Luer 
syringe An anesthetic is always employed The same pigs are used repeatedly 
There are twelve small pens set aside for the “Wassermann” pigs, the test is 
perfoimed twice a week, thus each pig is bled about once every six weeks The 
entire lot is changed about once in six months The relative amount of comple- 
ment m the serum does not seem to be affected by bleedings of this frequency 
The amount of complement requued vith one unit of amboceptor to cause com- 
plete hemolysis of 1 c c of a 1 per cent suspension of corpuscles is considered one 
unit The test is performed with two units of amboceptor and two units of com 
plement For over a year a preliminary titration of the complement, as recom- 
mended by Craig, 2 has been made before performing the test 

*Manuscript submitted for publication July IS, 1912 

1 Noguchi, H Serum Diagnosis of Syphilis J B Lippmcott, Phila , 1910 

2 Craig, Charles F Further Observations on the Complement Fixation Test 
in the Diagnosis of Lues in the Military Service Jour Infect Dis, 1911, ix, 210 
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Antigen — Alcoholic extracts, of human liveis and the acetone insoluble 
fi action of alcoholic extracts have been used as antigens and one has proved 
no more stable than the other, but this may be due to the fact that the latter were 
not kept hermetically sealed Four or five antigen units have been employed in 
the performance of the test with but few exceptions 

Patient’s Serum — The blood is aspuated fiom a vein at the bend of the elbow, 
allowed to clot or centnfugalized, if necessary, and the serum pipetted ofT into 
sterile lysis tubes These are kept m the ice-box until needed for use The sera 
are then heated to 56 C for twenty minutes and 0 08 c c of each serum is added 
to each of two tubes, the test-tube and the control-tube 

Mixture of Reagents — The method of using papers impregnated v. ith reagents 
has not been adopted as it seemed fully as accurate and much easier to mix 
several of the reagents m bulk, always mixing a larger amount than actually 
needed For instance, on a morning when there are thirty tests to be made, two 
beakers of 40 c c each are piepared 


Beaker I 

R B C 10 per cent 
Mixed complement 
Antigen 

Normal salt sol , q s 


Beaker II 

4 c c R B C 10 per cent 

80 units Mixed complement 

0 Antigen 

40 c c Normal salt sol , q s 


4 c c 
80 units 
200 units 
40 c c 


Then 1 c c from Beaker I is added to each even numbered tube containing 0 08 
c c of serum to be tested and 1 c c from Beaker II to each odd numbered tube con- 
taining 0 08 c c of serum to be tested From this point on the test is performed 
exactly as described by Noguchi 


HEMOLYSIN OR HEMOLYTIC AMBOCEPTOR IN GUINEA-PIG SERUM 

On. several occasions serious difficult}' lias been expenenced by the 
exhibition of complete hemolysis m all positive control tubes as well as m 
all the negative control tubes On the day following each of these mis- 
haps it was noticed that the surplus left m the beakers had completely 
hemolyzed while a suspension of the same corpuscles in normal salt solu- 
tion alone showed little or no hemolysis 

Tame 1 — Demonstrating the Presence of a Thermostabile Antihuman 

Hemolysin in Guinea-Pig Serum 

1 BBC* =NH 

2 BBC + GPS** (normal) 0 20 =NH 

^ BBC + 0 -f G P S No 100 inact 0 05 = N H 

4 BBC + GPS (normal) 0 05 + GPS No 100 inact 0 05 = CH 2 hrs 

*B B C — One c c of a 1 per cent saline suspension of washed human red 
corpuscles 

**G P S — Guinea-pig serum N H — No hemolysis C H — Complete hemolysis 

lABLr 2 — TiirRMosTABiLL Antihumax IIemoiysix in Guinea-Pig Srauw 

1 B B C =NH 

2BBC + GPS (normal) 0 20 = NH 

3 J B c + 0 + G P S No 102 inact 0 10 = N H 

4 BBC +GPS (normal) 0 05 + G P S No 102 inact 0 02 = C H 1 hr 

Suspecting from this that the guinea-pig serum might be the source 
of the trouble, specimens of their sera were inactivated and titrated for 
hemohtic amboceptor Two pigs were detected, 0 05 c c of whose serum 
contained at least one amboceptor unit, many others were detected and 
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isolated , 0 20 ec of whose serum would completely hemolyze lee of a 
1 per cent suspension of human red blood corpuscles 

That the^e sera contained a true thermostabile antihuman hemolj sm 
oi amboceptor may be readily seen by Tables 1 and 2 

These pigs had been living m the laboratory court-yard for several 
generations — about four years — and had been fed on a diet consisting 
exclusively of tropical grasses 

The sera of another lot of guinea-pigs which had been on the isthmus 
but a short time was similarly tested The sera from these pigs in most 
instances had no effect on human red blood corpuscles even if mixed m 
equal volumes, and m no mstance was hemolysis seen with the use of less 
than 0 30 cc of serum to 1 c c of a 1 per cent corpuscle suspension 
Since this episode we have run a control test tube with each pig’s 
serum before mixing their sera for use in the test This tube contains 
1 c c of a 1 per cent suspension of red blood corpuscles and 0 20 c c of 
the guinea-pig’s serum It is incubated for one hour at 37 C, usually 
from 4 to 5 p m , and then allowed to stand at room temperature over 
night This test has more than once justified its adoption as a routine 
procedure 

r MALARIA 


Were malarial fever, malarial infection or relative malarial immunity 
to give a positive Wassermann test, or to interfere with any of the reac- 
tions taking place m the complement deviation test for syphilis, it would 
most seriously lessen the value of the test m the tropics or other malarial 
regions 


Table 3 — Relation or Malaria, and the Wassermann Reaction 

Patients infected with malarial parasites on the day of admission and having 
blood taken for Wassermann on the same day 15 

Wassermann tests negative 12 

Wassermann tests positive ® 

These three positive cases were as follows 

Periostitis of tibia * 

Syphilitic arthritis J- 

Good history of syphilis * 

Of these fifteen infections tlieie w ere twelve jestivo autumnal and three of the 
teitian form 


Table 4 — Relation of Malar la and the Wassermann Reaction 

Patients infected with malarial parasites on the day of admission and having 
blood taken for Wassermann m from one to four days later 
Wassermann tests negative 
Wassermann tests positive 


Of these sixteen positives there were 

Typical secondaries ® 

Others with characteristic or suspicious lesions ° 

Insufficient data 

Of these eighty-four chere were 09 E A , 2 E A and tertian, 9 tertian, and 4 
quartan 
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Table 3 — Relation of Malaria and the Wassermann Reaction 
Patients infected with malarial parasites on the day of admission and having 


blood taken for Wassermann on average of five to ten days later G5 

Wassermann tests negative 47 

Wassermann tests positive IS 

Of these eighteen positives there were 

Typical secondaries 2 

Others with characteristic or suspicious lesions 12 

Insufficient data 4 


Of these sixty-five there were 56 E A, 1 E A and tertian, and S tertian 

Table 6 — Recapitulation as to Malaria and the Wassermann Reaction 

Wassermann tests on cases of malaria 164 

Wassermann tests negative 127 

Wassermann tests positive 37 

Of these thirty-seven positives, thirty were clinically considered complicated 
with syphilis 

During the dry season m the Canal Zone 10 per cent of the laborers 
at work and without symptom*, and 30 per cent of their families, were 
found k Dr S T Darling 3 to he infected with malarial parasites If 
this number can be demonstrated undoubtedly a much greater number 
are carrying malarial parasites, their antibodies or both 

One hundred and sixty-four cases of the 2 S46 here considered 
exhibited malarial parasites at some time during the admission period in 
which their blood was taken for the Wassermann test These cases 
covered a period of nineteen months Thirty-seven of these 164 gave 
positive reactions The great majority of the thirty-seven showed indis- 
putable evidences of s}*philis, or gave histories or presented lesions which 
rendered a diagnosis of past syphilitic infection highly probable In seven 
I was unable to collect satisfactory data m reviewmg the cases Many of 
those giving negative reactions presented nothing in histones or physical 
signs dnectly suggestive of syphilis, and a few were purposely taken a 5 
controls 

LEPBOSY 

The Wassermann test was performed on forty-two cases of leprosx , 
sixteen, or 3S per cent, gave strong positive reactions, and four other* 
gave weak positives, making a total of 47 per cent positive All of these 
were clinically well marked cases, some very much advanced Some of 
the most advanced cases gave negative reactions Whether any of these 
c?*es were complicated with syphilis or not we had no means of deter- 

° Darling, S T Transmission ox Malarial Fever m the Canal Zone by 
Anopheles Mosquitoes Jour Am Med Assn , 1909, liu, 2051 
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mining, foi the leprous lesions were such as to obscure a clinical diagnosis 
of syphilis and such histones as could be obtained weie of but little value 
Probably a similar condition exists m most leproseria, and if such is the 
case the influence of uncomplicated leprosy on the Wassennann reaction 
is a problem which lemams to be solved 

Twelve of our forty-two patients were under 20 years of age Nine 
of these gave negative leactions, two gave weakly positive reactions and 
one gave a strongly positive reaction 

Since pei forming these tests Noguchi’s aiticle entitled "Experimental 
Eesearch m Syphilis ” 4 5 * has appeared, and m this article he states that the 
serum fioin each of three lepers gave a negative reaction when a culture 
of Treponema pallidum was used as antigen 

When opportunity is afforded, the forty-two cases above cited will be 
again tested using the two types of antigen simultaneously 

/ 

YELLOW LEVER 

The test was perfoimed with the serum of one patient who had had 
3 ellow fever and with the serum of one during the attack Both tests were 
negative The latter was seen at the Culebra Island Quarantine Station 
on about the sixth day of the disease His temperature had just dropped 
to 98 6 F , his pulse was 40 There was an icteric tint to the skm His 
urine was brownish-yellow and became solid on boiling The patient was 
intelligent and gave a straight-forwaid history admitting gonorrhea and 
denying syphilis There was no evidence of either past or piesent 
S3 r plnlitic infection The seium separated from the clot without any 
hemolysis taking place and was mahogany brown m coloi The Noguchi 
test was peifoimed with 0 02 c c of active seium, with 0 08 c c of inacti- 
vated serum, and with 0 16 c c of inactivated serum There was no 
inhibition of hemolysis m any instance 

On account of its possible bearing m this connection I wish to allude 
to the effect of bile or bile constituents on the leaction It has been 
stated that if they 7 be present m a blood-serum, such serum will give a 
positive reaction even though syphilis may be absolute!} 7 excluded, and 
that if bile be added to a noimal seium it will also give a positive reac- 
tion® (It must be borne m mind that these statements refened lo the 
ongmal Wassermann test while this papei deals with the Noguchi modi- 
fication only ) It was possible to confiim this latter statement in a 

4 Noguchi, H Expenmental Research m Syphilis Jour Am Med Assn, 
1912, lvui, 1163 

5 Kaplan, D M The Theoretical Consideration of the Wassermann Reaction 

and its Practical Application Am Jour Med Se, July, 1910 
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measure bj tbe addition of varying amounts of highly diluted bile to 
normal serum However, the results obtained with naturally jaundiced 
sera were satisfactory. 

In the series of tests considered m this paper the seia were moderately 
or deeply jaundiced m ten instances Nine of these sera gave negative 
reactions Hemolysis took place as quickly and was as complete with these 
sera as with other normal sera which were examined at the same time 
The jaundiced serum which gave a positive reaction did not inhibit 
hemolysis m the control tube, a phenomenon which may occur when bile 
is added to normal serum 

BLACKWATER FEVER 

Blackwatei fever causes a hematogenous jaundice and the blood serum 
is maliogany-brown m color Each of four cases gave a negative Wasser- 
mann test 

YAWS 

Two cases of yaws in each of which Treponema pertenuis was demon- 
strated and m which there was no history of syphilis and no lesions 
lesemblmg syphilids other than the typical yaw rupia and the general 
glandular enlargement, gave positive reactions A thud and similar case 
gave a negative reaction on two occasions 

FILARIASIS 

The reactions m the two cases of filariais (F bancrofti ) of long 
standing were negative Both of these patients exhibited filarial embryos 
m the blood-stream at night and both passed chylous urine containing the 
filaiial embrjos The second patient, a white man, claims that he was 
tieated for the same condition m British Guiana m 1904 

AMEBIC DYSENTERY 

Five cases of amebic dysentery gave negative reactions Four of these 
cases weie due to Entamoeba histolytica , and one had a heavy infection of 
Entamoeba teiragena 

ARTHRITIS 

Tertiary syphilis is seldom held responsible for joint lesions by 
clinicians 

If a positive AYassermann test coupled with a positive therapeutic test 
may be taken as a criterion of diagnosis, syphilis plays a most important 
prat m the causation of arthritis 

More than 40 per cent of the ca«es of arthritis on which Wassermann 
reactions v\ ere requested during the past eighteen months have given posi- 
tne tests This percentage would be still higher if those cases m winch 
a tentative diagnosis of gonorrheal arthritis might have been made uere 
excluded 
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The arthritides were characterized by the cardinal signs of inflamma- 
tion, heat, pam, aggravated by motion or pressure, and swelling Many 
of these joints were simply boggy, some had effusion These lesions were 
almost always multiple 

The physicians m the medical wards of Ancon Hospital requested the 
Wassermann test on this class of eases, and to them belongs the credit 
foi suspecting the possibility of syphilis I present them here to call 
attention to the value of the test m cases of arthritis 

Out of 100 cases of arthritis, some without other discernible lesions of 
syphilis and some with one or more tertiary manifestations of the disease, 
all secondary stage cases being excluded, forty-one, or 41 per cent, gave 
positive Wassermann reactions 

In a recent number of Deutsche medizimsche Wochenschi vft, Bering 0 
describes a series of eleven cases of arthritis, seven of them not presenting 
any lesion of syphilis other than the joint lesions, and ten of them giving 
positive "Wassermann reactions 

AUTOPSIES 

The Wassermann test is a reaction of value in a certain number of 
cases which come to the post-mortem table As time goes on, its value will 
probably become more and more appreciated If the blood is recovered 
shortly after death it is apparently as seivieeable as if obtained during 
life If post-mortem changes have occurred there is an inhibition of 
hemolysis m the control tube Swift 7 compared the Wassermann test and 
the Noguchi modification of the same with blood from autopsies m 1909, 
and a limited use of the test has been made since then 

Below are given some of our cases tested and the results of the tests 


Autopsy 2878 
Autopsy 2991 
Autopsy 2994 
Autopsy 3030 
Autopsy 3032 
Autopsy 3046 


Man, aneurysm ruptured into pericardium, positive 

Man, gumma ( ’) of heart, positive 

Woman, extensive carcinomatosis, negative 

Man, myocarditis, negative 

Man, aneurysm, ruptured, positive 

Child, malaria, lympliatism, negative 


CONCLUSIONS 

1 Guinea-pig serum must be tested for native antihuman hemolysin 
m certain localities and all sera m which they are found discarded 

2 Malarial infection does not affect the Wassermann reaction 
(Noguchi modification) 

3 Oui cases of filanasis, yellow fevei, blackwater fever and amebic 
dysentery all gave negative reactions Their number is too small to draw 
conclusions from 

6 Bering, F Acquired Syphilitic Joint Disease Deutsch med Wchnschr, 
1912, xxxvm, 393 

7 Swift, Homer F A Comparative Study of Serum Diagnosis in Syphilis 
The ABCnnFS Ivr Med, 1909, iv, 377 
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4 Two out of thiee uncomplicated cases of }a\\s ga\c posiine 
icactions 

5 The Wasseimann test is of gieat value m cases of aithutis of uncei- 
tam etiolog} r 

6 The Wasseimann test should he made an aid to the pathologist in 
a consideiable nnmbei of autopsies 

T heie vish to evpiess thanks to Co] John L Phillips USA Acting Chief 
Samtaiy Ofiicei, Isthmian Canal Commission, foi pci mission to publish this papei 
T also wish to evpiess thanks to Di ST Bailing Chief of Laboiatoij, Ancon 
Hospital, foi helpful suggestions given dining piepaiation of this papei 



POISONING BY NITRIC OXID FUMES 


FRANCIS CARTER WOOD, 1ID 
colujipia uxn ersiti, mw x omc 

Tins case of fatal poisoning by nitiogen tetioxid fumes is lepoitec! 
for its medicolegal mteiest and also because of the lanty of the condition 
and a geneial lack of lecogmtion of the pathological changes m the lungs 
of pel sons dying from the action of this veiy dangeions gas 

When nitnc acid acts on certain metals, such as coppei, silvei, 01 
cadmium, a gas is gr\en off with the composition of NO 01 nitiogen 
dioxid When this gas comes in contact with the an it absoibs oxygen, 
with the pioduetion of nitiogen tetioxid 01 No 0 4 If eitliei of these 
compounds of nitiogen and oxygen comes m contact with moistiue, 
nitiogen dioxid foims mtiie acid, while nitiogen tetioxid is slowly decom- 
posed into nitnc and mtious acids These aie the decompositions which 
oecui when brown fumes aie given off by the action of nitnc acid on the 
substances mentioned abo\ e 

When stiong nitnc acid acts on oiganic bodies it pioduces nitiogen 
tuoxid This immediately decomposes, lioweiei, into a mixtiue of 
nitiogen tuoxid and nitiogen tetioxid The nitiogen tuoxid is con- 
tinuously conveited into nitiogen tetioxid by the action of the atmos- 
plienc an Inhalation of these gaseous compounds occasionally occuis m 
laboi atones 01 factones wlieie consideiable quantities of these fumes aie 
foimed, either dnnng the couise of some leaction 01 w hen a caibov of 
nitnc acid is spilled 

The inhalation of nitiogen tetioxid \apoi, if not too concenti ated, 
causes at first no symptoms, -with the exception of a slight tendency to 
cough and an acid taste m the mouth It has occasionally been obsened 
that woikmen liaie lemamed ioi some houis m a loom m which nitnc 
acid has been spilled -without showing any evidences of 11131113, 01 that if 
on feeling uncomfoi table tliei went into the open ail, the symptoms hate 
disappeaied lapidly onh to lecui 111 full foice six to eight houis latei 
If the tapois aie concentrated, the patient may suffei immediately fiom 
seteie d} spnea, a feeling of piessiue on the chest coughing, faintness 
and cyanosis I)} spnea and slight ctanosis aie the fiequent symptoms, 
the patient often on 1 caching the an also vomits anj food that mav be 
m the s+omach and then feels peifeMh well foi a penod of six 01 eight 
houis At the end of this time often without am mcitimr cause some- 

' Mimi'cupt submitted foi publication Au<i 'll 1012 




480 


IRC JUTES 01? ITTERXAJj M EDI CITE 


Iii patients who have inhaled small amounts of gas and have impioveci 
aftei the first attack of edema of the lungs, the disease may continue foi 
a number of days with the clinical symptoms of acute bionelntis and 
evidences m the chest of lobulai 01 lobai pneumonia Usually there is 
extreme dyspnea The sputum is tenacious, yellowish 01 brown Vomit- 
ing may be so extieme as to mask the pulmonary symptoms, though as a 
lule this is uncommon Such cases may lecover, but often slioiv an 
increased liability to bronchitis 01 pneumonia foi months afterwaid 
At autopsy the larynx, tiacliea and bionchi are congested and of a 
leddish or brownish coloi If the patient dies shoitly aftei exposuie, the 



Fig 2 — Dog 4 Lobulai pneumonia vith cmpn % rfnn five days aftei inhalation 
of gas Lcn\ pcmei 


lung is edematous, m those living for seveial days, it is emphysematous, 
w'th, m addition a moderate amount of pneumonic exudate The lessek 
of the lung often contain thrombi Fiom the cut surface exudes a 
i etidifii oi biovnish fluid In the othei oigans ecchymoses are occasion- 
all! found Focal necioses may occur in the livei The meninges aie 
often congested and there aie occasional!} punctate hemonhages thiough- 
out the substance of the brain The kidneis hate m a few cases fliovn 
acute dcgeneiation or acute liephiitis, geneiall}, howevei, they are not 
much alteied 
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The number of published ca«es of death following the inhalation of 
rapois of nitiogen tetrcmd is not rery laige but owing to the gicath 
increased use of nitric acid m the aits, cases of such poisoning aie likeh 
to be moie fiequent m the futuie, and thcv may also assume a medico- 
legal nnpoitanee m connection wutli accident msuiance and emploiei^ 
liability acts On this account the following fatal case is icpoitcd 
togethei with the results of animal expei mieiits and a suney of the cases 
already published 

CASE REPORT 

Jlxsioiy — The patient D in this instance aecidentalla inhaled the fumes 
aiising horn a laige vessel containing eonsuleiable quantities of nitnc acid and 
a cadmium si lvei allov The loom m which the experiment was conducted was 
small, and the patient expei lenced some discomfoit and a sensation of choking 
and w’ent into the open an Aftei a few r minutes lie a minted and then felt much 
bettei Tlieie w T eie no furthei symptoms until some six 01 eight houis latei when 
he was sei/cd avitli intense dyspnea and collapsed dwentr fom houis latei lie 
cnteied the hospital, lemaining tlieie until his death seaen days aftei the exposuie 



Fig 3 — Case D TIednim sized bionehus showing edema of wall and loss of 
epithehum X 250 

On admission he complained cluefh of weakness pain m the tin oat and chest, 
nul intense drspnea 

Dxaimnahon — Examination showed a well nomished man with slightly dilated 
he nt of lapul feeble action soft pulse lie was suflenng at the time of the 
examination fiom aeiv seaeic chspnea with extiemclv lapid shallow lespnation 
and milked ca niosis Piostiit’on was veil extieme but the patients mind was 
eleai The pupils weie equal and leacted The lips and tongue weie intenseh 
c\ uiosed the tlnoit w is congested The lungs showed maikel dulness at both 
bise-, postenoih hi onclioi esiculai In ea thing with sligbth bionclnal aoice and 
scitteied llles most maiked oaei the light base The extiennties weie cold and 
c\ motic J lie tempei itme langed fiom 10CT to 102 F, the pulse from about 
100 to 140 i equations fiom 44 to 00 dining the patients staa in the hospital 
lie w is giaen ox\ ”en mhal itions md blood was drawn foi examination It was 
aei\ dnk in coloi but when ex mimed speetioscopicalla showed oxa hemoglobin 
onh uid no eMdence of cubon moiioxuF or metbenioglobin Undei the stimuli* 

2 llhumnatnur sa- poisoning bad been suspected 
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tion of the oxygen inhalations the patient got along ianlv satisfactoi ily foi seyeial 
days Examination of the mine showed Specific giavity, 1 02G, albumin, 2 pei 
cent In -volume, a few leukocytes, mucus, and led cells, no casts Repeated 
e\ iminations ga-\e the same findings except that tlnee days befoie death tlu 
mine contained a tince of albumin only and a feu hyaline casts Ihe day befoie 
the patient died tlieie v\us 5 pei cent of albumin by' volume, yyitli a feu hyaline 
and gianulai casts 

Dining the last few days the patient’s lespnation was yeiy laboied, he uas 
lestleas md complained of headache and nausea and was able to sleep only a 
feu bouis daung the right r J lie day before be died be became yeiy lestless and 
was mationnl, the pulse yvas veiy r feeble and megulai, and biea thing uas 
mcieasmgly difficult While tlieie yvis at times an annoying cough this y\as 
neyei a piomment sjmptom The only alteiation in the physical signs noted 



Fig 4 — Case D Fibunous and hy'alme exudate X 250 


was an mciease in the aiea of dulness in the lungs and evidences of congestion 
and enema of the uppei lobes 

llie led blood cell count uas 5,400 000 y\ith noiinal moipfio’ogy the hemo 
globm uas 90 pei cent Ihe white blood cell count uas IT 000, polynucleais 
OS pei cent, lymphocytes 30 pei cent, basophils 2 pei cent 

Xcc) op si/ — 4t autopsy which uas done aftei embalming with a fluid con 
taming foimaldeliyd the lmpoitnnt gio=s lesions found were as follows 

1 An megulu cayity with sliaiply defined walls m the coipus stnatum on 
each side of the biain containing a c’eai coloiles= fluid 

2 A modentelv dense lobulai pneumonia m the louei and postenoi poition 
of the lungs on both sides 

The Incr and kulneys showed nothing abnonnal The lieai t w is dilated and 
looked pale and fatty 
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1/ m o'scopical JJiamwatwn — I lie imcio-copical t\ munition of jlio t -- w is 
not at nil mleifeicd with In the pieuous embalming the oignis hung m 
excellent condition and thoionghh lnidened 

Die lesion in the hiain was of especial mteicst m ismuch is the pit uni hid 
had i scveie accident about a icai befoie Ins deatli the e\ iinin ition of 

the tissues imolvod did not peiinit of a connection between this lesion and the 
accident foi the following i casons Fust, the cult's cont lined cleu witei\ 
fluid, which was not blood stained Such a thud would be seen onh m utliu 
a congenital oi a paiasitic cist of the In am and such a lc-aon would not m ill 
piobabihty be si nimeti ical Second, the w ills of the ca\it\ weie peifecth shup 
]\lici oscopica' sections showed that the mdnnlual hi am cells ilong the w ills wok 
peifectly pieseived, and that small capillau xe^sels had been loin acioss fhe 
ends still lcniainmg ojien llieie was not the slightest CMdcnce of ail mllini 
maloiy leaciion oi the foimation of a nieniln me It is piobable theiefom that 
this icai was founed post moiteni hv the injection at high piessine of the 



Fig 7 — Case D Aic is containing chietli pigmented cells X 2>0 


emh ilinmg fluid that this is possible was pioied In some e\pei nuents on 
liuiinn culueis m which simihu aitefacts weie mouced 'the lessds mu liaic 
been weakened In the action of the poison especialh as 'lomelhm 1 has shown 
tint m icnte nitute poi«omng small hcniouh iges can he found m the oiguis 
usuilh confined howe\ei to the stomach intestine and lnei As stited aho\( 
sin ill qinntilies of nitious acid inn be founed when nitiogon cetioxul comes in 
cont let with inoistmc Such nitious icid would nitmalh coinhine with the fioc 
ilk ill m the tissues and blood md enciilate as sodium nitute Jins might he 
the i m-e iKo of the icn soft and i ipid puFc oceasioinlh seen m these cues of 
poisoniiiir md suggests m < \jil maiion foi the leu daik coloi of the blood noted 
m 1 1 most if] cisos of this foini of mtoxicition it being well known that nitrites 


> loiuelhni Bciti / pith Amt (Zieglei s) ]00j wwni 5 f tj 
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foi in methemoglobm on contact with blood The amount, how e\ei is as pieuously 
stated usual h too small to gne i cliai actei istic sjectium 

Ihe Inei and kidneys showed piacticalh no changes on imcioscopical exam 
mation A laige numbei of sections fiom the Inei showed a aeiy few small 
necioses and a little fattv degeneiation 'Ihe kidneys also weie in good condi 
tion with only a si 'gilt doud\ swelling of the tubulai epithelium and some 
congestion of the tufts m the capsules and of the intcitubulu vessels but theie 
weie no casts m the tubules and no ewdences of intei stitial neplnitis 

Ihe lieait muscle showed a small amount of fat mfilti ation, but was othei 
wise 1101 mal 

The mtei esting lesions weie those m the lungs As stated aboie, theie w is 
a lobulai pneumonia chiefly m the lowei lobes Between the nieas of consolida- 
tion theie was a iei\ maiked emplnsema with absoiption of a laige nmiibei 



Fig 0 — Case D Ilemoi 1 liagic poition of lung X 210 


of al\ eoli so as to foim laige canties easih usible to the naked eie a phenonie 
non which legnluh occuis not onh m human beings but also m expenmentil 
annuals (Figs i -ind 2) 'the mucous membiane of the tiachci xml liionchi 
was desquamated oiei extensile ueas (Fig 3 ) In =ome places fiagments of 
the cpithelnl lining could be found still ndheiing to the wills oi collected in 
masses m the lumen with extieme edenn of the snbepitheli il connectne tissue 
Ooeisiomlh a bionehus w is found into which ban giown a tcllulii plug laigeh 
tilling the lumen About the sinillei bioncln weie aieis of consolidation, the 
ihioli being tilled eithei with a tianspuent albuminous miss oi with fibnn 
unit uning a fiw leukoc\tc= oi with desqmnnted ihcolai epithelium (Fig 4 ) 
]n some pi ices the epithelium was full of plugocitcd blood pigment (lig ’> ) 
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'1 hi oughoul, manv alveoli contained led blood coipiiscles (big b ) Tlie capillnncs 
in the nails iveie distended with blood and the nails themsches weie \ei\ edema 
tous and much thickened In places theie n as evidence of beginning legeneiation of 
the alvcolai epithelium nliicli eitbei lined the alveolus (Fig 7) m the fonn of 
a tlun flat lajcr of cells much moie piomment than is seen m a noimal lung 
oi occuned as swollen piomment hemispheiical ctlls piotiuding into the lumen 
Sometimes these cells foimed eonsideiable masses oi neie fused into suicitial 
bodies (Fig 8 ) A tine oigani/mg pneumonia could liaulh be said to be 
present Hie fibnnous plugs occasionally became ven dense and neie coieied 
nitli new epithelium, and in laie instances weie penetiated bv fibi oblasts, but 
this w is not at all a piedonurant lesion In otliei poitions of the lung the 
alveolai stiuctuie had entnelv disappeaied, the lung being quite collapsed and 
the legeneiatmg epithelium showing as solid s^ncjtial masses oi as stiands of 
cells hing m the fanly dense pulmonaiy tissue (Fig 9 ) The uppei poitions 
of the lungs iveie fanly well aeiated and showed a modeiate emplnsema but no 



Fig 7 — Case D Begeneiation of alveolai epithelium X 25fr 


otliei lesions Ihebionclual hnipli-nodes weie edematous and health pigmented, 
but otheiwise noimal In the smallei cessels of the lungs theie veie a number 
of panetal thiombi occasionalh a thiombus filled the entne \css e l and theie 
w is some piolileiation of the endothelial lining showing that these tlnonibi were 
undoubtedh ante nioitem Sunil u thiomboses can be easih mdiictd m amni ils 
b\ the inhalation of mtiogen tctioxid fumes Olmoush no cultuiC" could be 
nude fioni the lung but a laige senes of section weie stained In the larious 
method** mod foi detecting lncteua and no organisms cou’d be found The 
condition w is eudenth i non piogies=ne pneuinonu due to nutation of the 
1 0110 -ne gase-. inhaled ind showing a tendence tow aid lepau 

I he lmten \nd clime il **Miiptonis of the case and the nituie of the lesions 
which tone-pond eweth with tho-e desenbed in otliei cues of mtiogen tetroud 



Fig S — Oise D Cellulai evuchte X 250 
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tioi-oniiig and the confh nialoi \ lesults of aniunl ( \poi uncut ihon winch follow 
]>oint it stems to me to the conclusion that deatn in this ca«c w i- nnqm -lion 
ahh due to the accidental inhalation of tin-' gis 

cvsns rnoxi the liii ijaiikl 

An examination oi the lifeiatme ot mtiogen tetioxid poisoning allows 
onh a moderate niiinbei ot eaiefulh studied cases Ato'-t ot the eailiei 
ones weie msufhcienih examined and m tew aie theie am nmio- 
seopical i e])oits 

Sehubeit, in 1011 was able to collect 213 cases ot poisoning In 
mtiogen tetioxid,, of which hfn-fhe weie fatal With ten few exccp- 



1'ig 10 — Dog 4 Bionclms showing emthelnnn and cilia «till tem lining hut 
nmhed edema md congestion of submucosa X 300 


tions all these rases oeenned m the la c t fifteen team and clneflx m the 
Ctonnan Bmpne Theie aie no doubt mam cases which have noun been 
published ioi obnous iea«ons Concenti ated mtnc acid is extemneh 
mod m the manuiaitme of gun-cotton nitioghcenn =mokeles- powdo 
md cehuloid and it is said that mam cases of poisoning occuj in tho-r 
factoi’es The following icpoits include onh those in which an autop-i 
was pei toimed 

the most eaiefulh studied cases aie the foui winch weic icpoind 
fiom Cologne following the hi caking of some caibom of mtnc and m a 
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small loom about 12xG\S feet The clinical histones weie lepoitecl by 
Ravels, 4 the pathological findings by Loeschcke, 5 * and the medicolegal 
aspects of the cases by Czaplewski 0 and Sehubeit 7 While the lepoits do 
not wholly agiee m mmoi details, the impoitant findings are given so 
fully that a very satisfactoiy picture of poisoning of this type is pie- 
sented Foi this leason a full abstiaet of these cases is given heie 

Case 1 — B Iv The patient w r as a man, 42 yeais old He was cleaning out 
the loom after the accident and lemamed in it for about twenty minutes, when 
he felt weak and went home He vomited and had dianhea, and some 
hours aftei the accident was seized with intense dyspnea, cyanosis, and cardiac 
weakness He died m the hospital about five and a half houis aftei he had 



Fig 11 — Dog 4 leinnnal bronchus and alveoli with swollen and desquamated 
epithelium X 300 


left the loom in which he was exposed to the aapoi I lie autopsy showed clntllv 
emplnseina and edcmi of the lungs Section of the lung had a aiolet led coloi 
and showed mam blight led spots which were esnecnlh well aeiated A ien 
abundant fcaim, pale led fluid exuded fiom the cut suiface In the bioncln and 
ti ithea tlieie was much thin foann secietion with small amounts of thick mucus 
I he mucous membrane was a bluish led coloi Micioscopicalh the biain showed 


4 Saiels Deutsch med Wchn«cln 1010 xxx\i, 1754 

5 Lop«eheke Btiti / path Anat (Zieglei’s) 1010 xlix 457 

0 C/ 'plew ~ki Vitljsch f gerichtl Med 1912 xlm 350 

7 Schubert Ztscln f Med -Beamte 1011 x.\i\, 557 
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no lesions except small pemasculni hemonhages 11 lio kidncis showed inti 
congestion a\ lili some neciosis in the ascending branch of Ilenle s loop 'J he bn 
showed inaiked emplnsema with intense congestion, the aheolai epithelium v 
vei> largely desquamated and l.n m masses in the ahcoli In the aheo 
Malls and also in the lumen theie weie mimeious led cells and abundant leu 
cites, and in some legions the nails of the ahcoli Mcie coieied m ith a Inal 
exudate 1 he mucous membiane of the bionchi Mas not alteied micioscopica 
f J he livei showed nothing espceialh noteMOitln 

Case 2 — Sell r lh r lhe patient Mas 41 years old and had alwais pienou 
been mcII While cleaning out the cellai he noticed no discomfort except mi 
tion in the chest and occasional tendency to cough Aftei the accident he 1 
a mild headache, some coughing M’lthout sputum and a feeling of weakin 



ihiec houis aftei the accident he had pain in the chest and a chill and u 
to bed but could not remain there on account of extreme d\ spnea a feel 
of pressure on the chest, and xiolent coughing He Mas taken to the hospi 
and on examination theie was found to be extremeh pale and cianotic ' 
pupils Meie dilated and reacted sIomIv to light but otheiwise there mcic 
nenous s\mptoms His mind Mas clear Breathing Mas rapid and difTic 
Mith marked action of the auxiliari rcspiraton muscles 0\er the lung th 
Mere sonorous percussion notes with fine inspnatori crackles no coughing 
sputum The temperature was 101 1 F the pul=e wa= lapid 10S small and si 
The heart sounds were puie The patient had a aene«ection ot 2>0 cc of blc 
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w Inch was stnkinglv daik and tai like, and coagulated rapidly, but spectio 
scopicallv showed onlv bands of ow hemoglobin Tlieie was a slight mciease in 
the nuxnhei of white cells In spite of o\ygen inhalations the patient became 
lapidlr woise, he complained of a feeling of compiession of the laun\, of 
intense Lhnst, and of fnghtful dyspnea The face was coveied with sweat, the 
eves piotiuded and he could scaicelv speak, the pulse became more lapid, using 
to 140, and the tempeiatuie was 1018 F He died m coma foity eight houis 
iftei the accident with signs of edema of the lungs, the final tempeiatuie being 
102 9 F 

The urine passed dui mg Ins star in the hospital w r as small in amount, highly 
coloied, faintly acid, fiee fiom albumin, and concan ed only 1 per cent of sugai 
1 he ammonia was somewhat increased, acetone positive, aceto acetic tests negative 
Autopsy showed the lungs to be gieatly distended, coveiing the peiieaidium, 
tliev weie veij lieavv The pleural surface was smooth Sections show'ed a laige 



Tig 13 — Dog 4 Intiabionchial giowth of epithelium X 300 


amount of edema and congestion with a geneial i eddish coloi of the sui face and 
numeious small gianulai aieas scatteied tluoughout, which weie of a blight led 
coloi and empliv sematous The mucous membiane of the bioncln tiachea and 
phaivnv w is of a bluish led coloi Hie bionchial Ivmpli nodes weie laige and 
swollen Ihe biain was intenselv congested, otheiwise tlieie was no change The 
kidnevs aho weie intenselv congested with no otl ei change evident Ihe lnei 
was pale and vellowish brown and blackened on the application of ammonium 
eulphid 

Micio«eopicalh tlieie weie no changes in the Liam In the lungs the alveoli 
showed great variations m the dimensions llieie weie areas of iclativelv nmow 
alvcolai sp \ces filled with exudate paitiallv fibimous paitiallv hvaline and con 
tuning mu v red and white cells Between such areas tlieie were laige, gieatlv 
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diluted spices, chiefly without, content appaienth due to a ti aum.it ic emphysema 
as shown In the spates wheie the tom walls weie In aline and thiomho^ed yess<4~. 
hn ncai tlie bite of liiptiue Ihe epithelial coating of the aheoh wa- dosqua 
mated that of the hionehi was piesent m aieas tnougli showing much degenei i 
turn, in otliei places it was entneh missing All the tessels of the lung weie 
gieath distended with blood the spleen showed no specul legion except that 
theie weie many phagocytic cells containing blood pigment 1 he lnei showed 
cloiuh swelling with mimeious aieas of degeneiation At the penphen of the-e 
foci of neciosis theie was alieuh beginning lepcn with mitoses in the lnei 
cells Tn the kidneys the glomeinli tufts weie yeiv much distended filling the 
entile capsule In some paits of the capsule theie was a small amount of Inalmc 
exudate with desquamation of the capsulai epithelium Ihe cells of Houles loop 
weie completely neciotic and in the eomolutcd tubules theie w is much -yellowish 



Fig 14 — Dog f Intia aheolai giowth of epithelium X 100 


mamilai pigment Some of this pigment was contained in the tubulai epithelium 
Il\ aline spheutal gi. mules weie also found m the lumen of the tubule-' with m 
oci i si on il In lime cast 

t v^i .1 — \\ W Pi ci ions to the accident the patient had alwacs been well 
<hi enhance to the hospital he complained of model ate pains m the chc-t cough 
mi: uid slight dyspnea On examination he was appneuth a heiltln mail in 
good condition ’Ihe skm of the face was 1 eddish the mucous nicinhr inc- weie 
slightly cc inotic Bicithmg was a little lapid pci cushion sonoimis AP o\ci 
the limes theie weie «ilnluit l'lles with a few moist r'lle- o\ei the lowei light 
( he-4 the pulse w is 10S Tneie w is some distention of the abdomen with 
diffuse tenderness The stools weie thin and yellowish Dining the dn the 
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patient evpectoiated some yellow isli sputum and some faintly bronchial bieath- 
mg appealed o\ei the uppei lobe of the right lung, and also in the left lowei 
lobe there was model ate dulness with many lespnatoiy lales The tempeiatuie 
lose to 39 C The blood obtained on -venesection vas daik and of a bluish color, 
but spectioscopicaily show'ed only o\j hemoglobin Tlieie w'ere no abnoimalities 
in tlie urine Two days after the accident the patient’s mind w’as cleai , he 
suffeied fiom fevei between 39 and 40 C with megular remissions There was 
bionehial hi ea thing over the right uppei lobe and left low'ei lobe, and edema 
over the rest of the lung The sputum was biownish led, thin and foamy, and 
looked like pneumonic sputum, but no pneumococci could be found Five days 
after the accident the patient had a model ate delinum Venesection seemed to 
improve the geneial condition, but siv days aftei the accident the heait action 



Fig 15 — Dog 4 Unombus in a -vessel, blood clot to the left, lung tissue 
to the light X 300 

became veiv feeble, the pulse was liiegulai, and the condition piogressnelj 
became woi=e the daspnea increased, with lcstlessness and picking at the 
bed clothes The patient died seven dajs aftei the accident with evidences 
of pneumonia and cardiac failuie At no time did the urine show r am impor 
taut changes 

'Jhe diagnosis at nutop=\ was cioupous pneumonia in the uppei lobe on the 
light side and the lowei lobe on the left edema of the lungs, localized neciosis 
in the lnei The uppei lobe of the light lung showed fresh adhesions Doth 
lungs weie ven laige and heavv On section the whole right upper lobe was 
gianuhi in a state of led hepatization and absoluteh free from ail There 
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aaeie fibrinous plugs m the bronchi The middle and lower lobes aaerc edematous 
and contained some aieas of pneumonia Hie left upper lobe and the upper part 
of the low ei lobe were extremely emphysematous The lower part of the left 
lower lobe was laigely granular, free from air, and in a state of red liepati/ation, 
with a few fibnnous plugs in the bronchi The trachea and bronchi were filled 
with laige amounts of foamy fluid The liver was enlaiged and intensely con- 
gested, and showed on cross section a grayish-red, cloudy appearance with some 
grayish areas scattered throughout Both kidneys were aeiy large, the capsules 
slightly adherent, the markings indistinct The spleen showed intense congestion 

On micioscopical examination of the lungs the alveoli in the pneumonic 
portion weie paitly of normal dimensions, partly -very greatly dilated and filled 
with exudate which consisted chiefly of fibrin, but m places, of a smooth lij aline 
material In this exudate there avere found m vaiymg numbers cells chiefly 
of polynuclear structure In some regions the staining capacity of the alveolar 
wall avas lost and m these areas the exudate seemed to have spread from one 
alveolus to another The leukocytes weie especially abundant here Some of 
the bloodvessels w r eie thrombosed, but the blood-supply of the consolidated areas 
was slight The alveolar epithelium was absent over considerable aieas In 
some places there were isolated epithelial cells with long projections extending 
over the alveolar wall, evidently a beginning regeneration The projections came 
into contict with the neaiest epithelial cells, and m this way laige aieas of 
alveolar substance had been covered with a few fiat cells In areas where the 
legeneiation had gone further the cells w’ere thicker and more cubical, though 
at the penpheiy of these areas they still retained the flattened fonn The cell 
boundanes weie often so obscured as to suggest syncytial structure Finally, 
some alveoli were entirely covered with cubical epithelium, occasionally much 
higher than the noimal No mitoses were obseived The epithelium of the smaller 
bioncln was still picserved In the portions of the lung not involved in the 
pneumonia the alveoli w r eie parity fiee from exudate and partly contained larger 
01 smaller amounts of fibnn, leukocytes and led cells The fibrin m places had 
undergone l.valine degeneration The epithelial regeneration m these areas had 
piogrcsscd fuither than m the liepatized poitions, so that most of the alveoli 
weie covoied with a thin, flat epithelial Iayei No bacteria could be found 

Section of the liver showed areas of necrosis m the center of piactically all 
of the acini The cential vein was frequently tlnombosed Polynuclear leuko- 
cytes weie scatteied tluough the necrotic tissue The liver cells at the peupliery 
of the acini weie large, their nuclei lieh m cliiomatm, and slioaved mitoses 
Pigmentation of the h\er cells was slight m amount 

The glomeiuli of the kidney weie large, the capsules weie thin, with moderate 
desquamation of the capsular epithelium In the capsules were found finely 
gianulnr masses of albumin, m places compressing the glomerulus The epithe- 
lium of the com olutcd tubules was swollen, and many cells showed imperfect 
staining qualities The lumen of the tubules contained granular masses of 
albumin lit Ilenle's loop there was extensive necrosis of cells, many of which 
had fallen oh m the lumen The collecting tubules showed numerous small 
homogeneous easts composed apparently of masses of tubular epithelium They 
stained daik with hematoxylin and black with silvei , in other woids, they 
piobablv contained some phosphate of lime, a condition found chiefly m cases of 
poisoning with mercuric clilond 

C\sr t — A S This patient was not engaged m cleaning up the acid, which 
had been completed but as night watchman bad to pass through the cellar 
e\cr\ hour During the daa following lus night work he complained of pam 
in the chest and abdomen When examined he was found to liaae samptoms 
of a sea ere bronchitis aaith very rapid and n regular heart He complained aPo 
of dizziness and faintness and aomited a good deal Taaela’e davs alter the 
accident ho aaas soi 7 ed suddenly aaith a cerebral hemorrhage and died three days 
liter Autojsj showed ext ensue arteriosclerosis aaith an area of red softening 
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about 2 cm m diameter m the left posterior portion of the internal capsule 
The hemorrhage was encapsulated hut had bioken through into the ventricle, 
which was filled with fluid blood In this case the influence of the nitric o\id 
fumes was probably entirely seeondaiv, as the lungs showed no lesions, but the 
coughing and vomiting may have induced the cerebral hemorrhage 

This completes the Cologne senes The following reports, while m 
the mam less complete, are ot sufficient importance to warrant their 
inclusion 

Case 5 — This is an exceedingly interesting ease reported under the title 
“bronchiolitis fibiosa obliterans 58 The patient survived the inhalation of the 
nitrogen tetroxid for nineteen days, so that the description shows well the 
natuie of the lesions and the repair which takes place m a long continued case 
From the microscopical findings given it *s evident that the legeneration of 
the alveolai epithelium was nearly complete, though the cut shows some alveoli 
still filled with large cells, but m any case the desquamative lesions of the 
lungs were less striking than the oigamzation and closure of the bronchi and 
small vessels with new-formed tissue 

The patient was a laborer, 25 years old, who was pieviously healthy, he 
inhaled the fumes from a vessel containing nitric and sulphuric acids with a 
piece of brass casting ( Such a combination gives nitrogen tetroxid vapors ) 
Immediately afterward he had a severe attack of coughing with a feeling of 
oppiession on the chest and a good deal of pain m this region During the 
couise of the night following he was seized with intense dvspnea and enteied 
the hospital On admission it was noted that he was intensely cyanotic, tem- 
perature, 102, pulse, 112, respirations, 72, blood-pressure, 105 mm There was 
slight dulness ovei both lungs posterioily and coaise and fine crepitant rales 
all over The patient complained of a feeling of burning behind the sternum 
The sputum was small m quantity, reddish-brown and mucoid The following 
day the temperature was noimal and the cyanosis and dyspnea diminished 
Kespiration went down to GO, and the pulse to 108 The rales m the anterior 
portion of the chest diminished Two days after the accident the patient coughed 
up rust colored balls of sputum, showing vei y few diplococci From the third 
to the seventh day after the accident the temperatuie rose slightly, and there 
was subcutaneous emphysema of the anterior thorax between the second and 
fifth ribs Eight days after the accident the subcutaneous emphysema disap- 
peared and the patient was in fanly good condition without symptoms, except 
a few rales in the chest, until four days later when the cyanosis and dyspnea 
returned The lespnations lose to 60 and the pulse to 120 The condition 
was not so serious as at the first attack The rfiles returned with a change in 
the percussion note The sputum was reddish-brown and mucoid The patient 
died nineteen days after the accident 

At autopsy, the heart showed slight hypertrophy of the right side The 
lungs were very much dilated, so that their borders touched each other at the 
level of the second and fouitli ribs A few fibrinous adhesions at the left apex 
and left lower lobe On the surface of the lung there weie a number of some- 
vliat depressed bluish spots of irregular outline which contained less air than 
the rest of the tissue On section, these weie edematous Scattered throughout 
the lung also were small areas of hepatization In addition there were numerous 
small nodules of a transparent gray color looking a good deal like tubercles 
The small \essels contained thrombi The right lung also was voluminous and 
distended with an In the middle lobe there was an area of hepatization nbou 
the size of a cherry On the surface vere numerous bluish led spots, on tie 
pleural surface of which were small fibrinous coagula The cut surface shone 
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mam irregular daik-ied areas, and besides these, small giajish white nodules 
attached to the smaller bronchi There -a as an emphysema of the lung with 
numerous areas 2 to 3 mm in diametei The smaller arteries showed thrombi 
adherent to the walls The other organs showed nothing hut congestion 

Microscopical examination of the lung showed a large number of thrombosed 
small ai lories and the hemorrhagic and edematous aieas which Fraonhel was 
inclined to interpret as small infarcts In the fine teimmal bronchi tlieie was 
a marked epithelial desquamation, the cells often filling the entire lumen The 
laiger bronchi also showed considerable loss of epithelium In the finer branches 
of the terminal bioncln tlieie was a growth of conneetne tissue reducing the 
lumen m many cases to a small slit, covered m part with high cylindrical 
epithelium of the bronchial type The remainder of the lung showed either 
emphysema, edema or collapse In the densei poitions the alveolar walls were 
thickened w-itli connective tissue, especially near the bionclnoles Some of the 
yaseular thrombi had undergone complete organization with the formation of con- 
nective tissue Theie was no leport of any bacteriological examination of the 
lung tissues 

In a later paper Fraenkel 0 reports three moie cases of so called bronchiolitis 
obliteians fibrosa acuta, one m a plasterer who inhaled a large amount of lime 
and other dust, and the second m a man woikmg m a drug store The history 
of this latter case was veiy imperfect and Fraenkel sajs that it was not possible 
to exclude the inhalation of some irritating substance as the cause of the dis- 
ease In the third case reported no history yvas obtainable, and the diagnosis 
was made solely on the clinical symptoms of intense dyspnea, cyanosis and 
emphj sema Death occurred on the fourteenth dav Micioscopical examination 
of the tissues showed chiefly obliteration of the bronchi 

The report is not very clear, but apparently all these patients lived for 
at least two weeks The writer also observed another case with similar 
symptoms due to the inhalation of laige quantities of dust fiom chlond 
of lime He says, howevei, that the disease is not always due to the 
inhalation of irritating gases or powders, and that measles and whooping- 
cough occasionally produce m children a very similar anatomical picture 
In oidmary lobar pneumonia such a closure of the bronchi by the 
mgiowth of connective tissue does not occur or is very limited m extent, 
even in cases m which resolution is piolonged over weeks 

Case 6 — The patient, 10 23 years old, d tmnei by tiade, inhaled the fumes 
from a mixture of hydrochloric and nitric acids He had a slight oppression 
m the chest but continued at work for nine d*r$s though not feeling well On 
the tenth day lie lnd a good deal of dyspnea and entered the hospital When 
examined he showed Aery marked cyanosis, especially of the face Thoracic moie- 
rnents weic limited during respiration, winch was lapid and shallow The pulse 
was 140, ierv soft and inegular Temperature was 102 2 F There was dulness 
oier the chest The patient appeared moribund The sputum was abundant, 
yellowish and lumpy There were physical signs of emphvsema with many 
moist llles o\ei the lungs The next day respiration went to 50, the temperature 
was about 100 4 F , the cyanosis and dyspnea increased, and the patient died 
twenty six days after the exposure to the fumes At autopsy the lungs did not 
collapse on opening the thorax There were small hemorrhages m the pleural 
surfaces of the lower lobes On section the lungs were densely sprinkled y\itb 
small grayish nodules 1 to 2 rum m diameter, which surrounded the smaller 
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bronchi llie mucous membrane of the larynx, trachea and smaller bronchi was 
intensely nntated, and m many places had disappeared No other lesions were 
found in the body 

Micioscopie examination showed marked inflammatory lesions of the trachea 
and bronchi with congestion and edema In the lung there were numerous small 
chronic pneumonic areas with the formation of granulation tissue The alveoli 
at the periphery of the pneumonic areas contained a cellular exudate chiefly com- 
posed of desquamated alveolar epithelium, the cells being of large size and often 
loaded with pigment Some of the alveoli also contain fibrin There was marked 
mflammacion of the septa of the alveoli with edema, fibrinous exudate and leuko- 
cytes, the vessels were greatly distended Thrombi were not noticed, and 
bacteria weie not found m the lung sections 

This case is particularly interesting because of the long continuance 
of the disease, showing the latter stages of the process, death usually 
occurring much earliei m the course of the intoxication 

Casc 7 — Paul 11 reports the case of a laborer, 32 years of age, who was 
ordered to clean the deposit out of a lead cnamber This deposit consisted 
chiefly of lead sulphate mixed with some sulphuric acid, the mixture giving off 
vapors of some of the mtne oxids Fir tins reason it was necessary that 
the workers leave the chamber every few minutes as the stirring up of the mud 
set free the fumes The chamber had been cleaned some two hundred times under 
exactly the same conditions as on the occasion of the accident There were two 
other workers also m the cliambei who were not m the least affected The 
patient entered the chamber three times, remaining for periods of ten to twelve 
minutes About G o’clock he went home without complaining m the slightest 
Some hours afterward, however, he was seized with dyspnea and very severe 
coughing He attempted to go to work the next morning, but collapsed on reach- 
ing the factory The patient was examined by a physician after his collapse at 
the factoiy and ms found to be intensely dyspneic with paroxysms of coughing 
The sputum was biownish-red m color, having pre/iously been bright yellow The 
lungs showed some dulness over the lower lobes, but no bronchial breathing, only 
fine rales all oier The pulse was 110, very soft and small Temperature was 
subnormal About thirty hours after the exposure he had a severe seizure with 
extreme cvanosis, great restlessness and occasional delirium He went into coma 
and died about forty-six hours after exposuie to the gases with the symptoms 
of pulmonaiy edema 

Autopsy shoved intense congestion of the membranes and substance of the 
brain with numerous punctate liemonhages m the substance The mucous 
membrane of the pharynx, trachea and larynx was very dark red and covered 
with sticky mucus The lieait’s blood was very daik, the organ was dilated and 
the muscle was soft The pleura of the right lung showed a number of small 
eccln motic areas about 1 cm in diameter On section a large amount of i eddish, 
foami fluid escaped from the lung which was extremely edematous, with the 
peripheral portions showing a considerable amount of emphysema Section of 
the left lung shoved the same but the pleura was adherent all over the thorax 
with old adhesions The stomach shoved a small hemorrhagic erosion at the 
greatei curtature There was no lesion except intense congestion of the viscera 
No microscopical examination was reported 

Cask S — Schmieden 12 reported the case of a 24-year-old laborer who was 
exposed to mtiogen tetioxid fumes for one hour following the breaking of a carboy 
of nitric acid and attempts to stop the action of the acid by the use of sawdust 
He noticed onlv slight djspnea after finishing the work and on Ins return home 


11 Paul Wien him Wchnschr , 1S93, mu, GG5 
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some cy anosis During tlio night the patient v as unable to sleep on account 
of inci easing dyspnea and very seveie cough On admission to the hospital he 
■was found to be intensely cyanotic, respnations, 78, bieathmg chiefly abdominal 
Mifh marked movements of the alre nasi md the stcinocleidomastoid and scalenus 
muscles Percussion note Mas tympanitic Fine i lies vcie heaul all over the 
chest Hie sputum was abundant, thin, rusty -brown m color like pneumonic 
sputum aftci edema of the lungs supcivenes llie pul«e was 112 and c oit 
Blood taken fiom the ear was biownish black m color and on dilution m watei 
became blight led, spectroscopically theie was nothing abnoimal The patient 
died in coma thirty houis after the inhalation of the acid fumes with symptoms 
of edema of the lungs 

At autopsy the lungs were extraoidmaiily congested and mfiltiated thiough- 
out with bloody edematous fluid Hie mucous membiane of the bronchi was 
congested The vessels of the lungs wane distended with dark led and black 
tlnombi Theie was intense congestion of the pial veins and the arteries at the 
base of the brain Theie was a yellowish slough on the mucous membiane of 
the stomach near the cardia No micioscopieal examination w T as made 

Cask 9 — Kockel 13 reported the case of an apparently healthy male, G5 yeais 
old, who had vvoiked foi about one hour m a loom m which a large quantity 
of mtnc acid had been spilled Except for a little coughing and dryness m the 
throat theie weie no symptoms until six hours after exposuie, when he was 
seized with very scveie dyspnea, coughing, and a feeling of great anxiety The 
symptoms inci eased lapidly with intense cyanosis, and the patient died two 
hours latei At the autopsy there was congestion of the meninges, m the 
posterior poition of the external rim of the light lenticular nucleus there was 
an area of softening the size of a hazel nut, apparently an old lesion The 
heart muscle was soft, the cavities were much dilated and filled with daik fluid 
blood The left lung was very voluminous, the tissues were soft and toie easily, 
and on cut section weie veiy dark grayish-red There was a good deal of 
edema and very little an in the alveoli The light lung also was veiy voluminous, 
the uppei lobe daik giayisli-red and very much congested with only a moderate 
amount of fluid in the alveoli The mucous membiane of the laiynx, trachea and 
bioncln was blight led and much swollen No micioscopieal examination was 
repoi ted 

In addition to these lepoits of fatal eases with complete autopsies, 
theie aie a consideiable numbei of lepoits of fatal cases witli paitial 
autopsies, and also of cases of mild types of poisoning, some of which aie 
of sufficient mtei est to lepioduce lieie 

Oifila 14 collected two cases In the fust case, obseivcd by Desgi anges 1- ' the 
fumes weie evolved by the breaking of a flask or nitric acid, exposure lasting 
for about five minutes The patient then went into the open air and lecovered fiom 
the sensation of choking He was veiy thirsty about four hours later, and twelve 
houis aftei exposuie was seized with coughing and prostiation, and seventeen 
houis after the accident had an attack of intense dyspnea with cyanosis, pam 
in the abdomen, convulsive movements, and delirium, and died about twenty - 
seven hours after the inhalation of the gas There was no autopsv 

In the second case, 10 a healthy man of 22 veais inhaled a laige amount of 
fumes set free on the breaking of a flask of mtuc acid Some hours aftcrw ai d 
he took a walk in ordei to relieve a sensation of oppression in the chest About 
nine hours after the accident intense dyspnea supeivened Forty eight hours 

13 Kockel Vrtljschr f genchtl Med , 1S9S, xv 1 
1-1 Orfiln Toxicologic, Trans by Kuhn, Leipsic 1S39 i, 124 
1 " Desrrranges Jour de mCd , continue* 1S04 v in 4S7 
1C Cherner Bull Soe mCd Cmul 1S23 
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after the gas was inhaled the patient died with typical symptoms At autopsy 
the right lung was found to fill the entire half of the tlioiax, it was solid and 
edematous, most of the fluid appearing to he dark fluid blood In the left lung 
theie were huge amounts of bloody fluid but some of the pai enchyma was 
still well aerated The mucous membrane of the trachea and bronchi was of a 
blood-i ed color There were superficial ulcerations m the cardia and pylorus 
The contents of the stomach weie sour The other organs showed no changes 

In a third case, 17 a powerful man, 34 yeais old, was cleaning copper with 
nitric acid After two days, during which time he had inhaled a considerable 
amount of the fumes of the acid, he was seized with headache, cough and 
oppression in the chest Twenty -four liouis later on examination he was found 
to have intense dyspnea, protruding eyes, puiple lips, and frequent cough, with 
sticky, yellow sputum There were coarse rhles over tne chest He died twenty- 
four hours after the onset of the symptoms At autopsy the lungs were very 
voluminous, crepitant and of normal color The mucous membiane of the trachea 
and bionchi was vivid red and much swollen The bronchi contained much 
yellow fluid and a similar fluid could be expiessed from the lung tissue on section 

Manouvriez 18 reported several cases, the exposuie occurring when a warehouse 
containing sodium nitiate and other substances caught fire One of the workmen 
made several attempts to lemove the sacks and was exposed for a few minutes 
each time to the vapors of nitrogen tetroxid After the third attempt he collapsed 
and was taken to lus home He complained of thirst and intense dyspnea with 
intense pain m the chest, and died about four hours after the exposure His 
assistant died with the same symptoms about eight hours after the exposure 
Another exposed person suffered from violent vomiting and diarrhea, but was ill 
for only two days 

Autopsies on the first two cases showed that the blood was black and acid 
to litmus paper, the latter seeming a rather remarkable condition m the light of 
oui present knowledge of the great acid-neutralizing capacity of the blood and the 
fact that a change in reaction was not noted in any of the animal experiments 
which follow There was intense congestion of the bronchi and lungs which 
w ere distended with blood and contained several areas of hemorrhage Hypei emia 
of the mucous membrane of the stomach was noted, with congestion of the other 
oigans 

Kunne 13 repoited briefly eleven cases of intoxication due to the inhalation for 
only two or three minutes of fumes arising during a file m a building in which 
a large number of carboys of nitric acid were stored In some of the cases no 
symptoms appeared until six or eight hours afterward, the patients having stood 
about watching the fire, smoking their pipes, etc , and finally going home to 
ued and to sleep They were wakened by intense dyspnea Some of the patients 
vomited, and showed great cyanosis, nervous symptoms, and rapid and fatal heart 
action Tlieie were two fatal cases, but these were not observed by Ixunne 
Seven of the patients ran a mild course and were discliaiged nine days after the 
exposure as cured Four others were much more seriously affected and w r eie not 
able to return to work for two weeks after the exposure The only exceptional 
point w as that three of the patients showed albumin m the urine All the others 
had the usual symptoms previously described 

Pearse" 0 reported the case of a man, 35 years of age, who inhaled the fumes 
of nitrogen tetroxid on the breaking of a eaiboy of nitric acid Six hours after 
the inhalation the patient had pains in the chest and difficulty in sw allotting and 
talking Eight and a half hours after inhaling the fumes he had an attack of 

17 Sucquet Details aie given bj Chevallier and de Loury, Ann d’liyg , 1S47, 
xxxv in 323 

IS Mmouvriez Bull de 1’acad de mCd , Paris, 1897, xxxvn, series 3, p 306 

19 Ixunne Deutsch med Wclinschr , 1S97, xxm, 414 

20 Pearse Albany Med Ann , 1S99, xx, 2S 
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scicie dyspnea, respirations, 40, high pitched respiratory murmurs oicr bronchi 
and right lung Hie left lung was not imohcd Blood\ mucus \ns o' perforated 
'J w cut's -four hours after the accident signs of consolidation de\ eloped m the right 
lung \uth edema and ejanosis of the lips llie patient became delirious and 
died twentj nine hours aftei inhaling the fumes, of edema of the lung* 

Wood and Stephen 11 leported the case of a chemist -who broke a bottle con- 
taining about three liters of nitne acid, and spent about half an hour in cleaning 
up the fluid by means of sawdust and cloth, he was not mcomenienced In the 
fumes Eight and a half hours after the accident he began to suffer fiom intense 
djspnea and expectoiated large quantities of stray. -colored fluid, nearlj a liter 
in amount Respirations, 02, marked ejanosis and icry violent cough on the 
first day, cough less on the second day, none after the third daj Rccoierj was 
slow, the patient remaining m bed for ten days 

llamngton- reported nine cases of poisoning by nitrogen tetro\id fumes 
following the breaking of a caiboy containing nitne acid None of the patients 
felt any bad effects until five to eight hours after the exposure, when they dei eloped 
dyspnea, lapid lespiration, cough, and m some cases delirium Uieie were no 
fatalities 

Lange 23 reported two cases of an oiganizmg bronchitis which do not correspond 
either m the clinical history or in the general autopsy findings with the type 
of disease due to inhalation of irritating gases and are here quoted merely 
because they are frequently refened to in the literature of the subject In the 
first case there w r as a history of cough for eight days, chills and headache, the 
patient entering a hospital and dying on the ninth day of the disease with a 
pneumonia, showing subpleural hemorrhages and numerous giay miliary nodules 
throughout the lung tissue, which proved to be fine terminal bronchi Each small 
nodule was surrounded by about 1 mm of dark colored lung tissue The alveoli 
1} mg betw cen these nodules showed no exudation In the second case, the pationt, 
32 years old, had been sick for six months with cough and dyspnea For four 
weeks before death he had great discomfort so that he w r as not able to work 
Autopsy showed voluminous lungs, hemorrhagic spots m the pleura, and on the 
cut sui face laige numbers of small nodules which looked like miliary tubercles 
These grayish nodules were surrounded by a narrow ring of reddish tissue The 
lung between these areas w r as quite normal The vessels showed no thrombi 

Pott 34 repoited an instance m which nitrogen tetroxid fumes w T ere formed by 
the action of acid phosphate on sodium nitrate, the mixture being a prepa- 
ration used as a feitilizer About thirty persons w r eie exposed to the \apors, 
of whom two died, one m twelve hours and one m forty hours There was no 
autopsy m either case The symptoms w r ere typical as described above Eight 
persons weie confined to bed foi a number of days with very set ere dypsnea 
and cough, the sputum being thick and yellow and containing blood and aheolar 
epithelium In the most serious case the patient was confined to bed for eight 
dajs, but recoveiy was complete 

Hall and Cooper 31 reported a case m which a carboy of nitric acid was 
accidentally broken and the acid spread over the floor, attacking some zinc plates 
and sawdust and starting a fire Twenty people were senously affected, four 
of whom died, two on the second day and two several weeks later Dispnea 
was present m 100 per cent of the cases, cough in 93 per cent, \onnting m 53 
per cent Cough with bloody expectoration persisted m 27 per cent The 
patierts who recovered were found to be more susceptible to cold than before 
Two ca*es were autopsied The records are very incomplete, it is stated that 
m one the lungs were large and voluminous and the bronchi filled with bloody 

21 Wood and Stephen Australasian Med Gaz , 1909, xxvm, 25 

22 Harrington Wisconsin Med Jour , 1903, i, 177 

23 Lange Deutscli Arch f klin Med , 1901 l\x, 342 

24 Pott Deutscli med Wchnschr , 1SS4, x, 451 

25 Hall and Cooper Jour Am Med Assn , 1905 xlv 39G 
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fluid Tlieie Mas much edema of the lung tissue and a thickening of the bionchial 
mucosa The second case m which death occuned one month after exposuie 
showed bronchopneumonia with consolidation of the lung, and microscopically 
the aheoh were filled wuth cells and beginning fibrosis 

Bauer 20 reported a case of an anilm factoiy worker who inhaled nitrogen 
tetioxid Aftei a short time he had dyspnea and cough, and he died in tw r o dais 
with pulmonary edema An autopsy showed acute bioncliitis, lobular pneumonia 
and edema, with thrombi m the pulmonary vessels 

ANIMAL EXPERIMENTS 

In order to study further the lesions seen m the lepoited case, a senes 
of experiments were carried out on dogs 

Among those who had made previous studies of acid poisoning on 
animals may be mentioned Lesser , 27 who exposed rabbits and dogs to the 
vapors given off on wanning nitric acid He showed that only occasion- 
ally bionchitis, bionchopneumonia, or edema of the lungs supervened 
Even after exposing dogs foi weeks to acid vapors he was not able to 
find any microscopical changes m the lungs The reason for this is that 
the acid volatilizes unchanged and condenses m the nasal passages, and 
while it may coirode the tissues theie does not penetrate furtliei Prac- 
tically no nitrogen tetroxid is given off from oidmary nitric acid on 
warming 

Kockel, Bauer , 20 Gieliant and Qumquaud , 28 and Eulenberg 29 earned 
out animal expenments with mtiogen tetroxid Those of Gieliant and 
Qumquaud and Eulenberg are not important here because the animals 
either died within a few minutes or recovered from the inhalation, and 
no microscopical examinations were made 

Shekel's animal experiments gave the following lesults 13 The blood 
of the animals dying m an atmospheie of nitrogen tetioxid fumes had a 
chocolate-brown color, but when the animals had a chance to bieathe 
fresh air for a tew minutes after inhalation of the gas, the blood was 
merely dark m color and not otherwise abnormal The lungs weie 
usually markedly emphysematous, the color w r as almost always bright 
red, and on section theie w'eie usually i eddish areas and much edema 
Extensive hepatization was noted only m the animals killed four 01 five 
days after the exposure to the fumes The mucous membiane of the 
lespnatory passages was congested and edematous The spleen and 
kidney r s showed no gioss lesions The livei was occasionally intensely 
congested In some animals swelling, edema and ulceration of the 
mucous membrane of the stomach and intestine was obseived Micro- 
scopically 7 , the chief lesion m the lungs w T as intense hyperemia wnth 

20 Bluer Original lepoit not accessible Few details given Abstiact in 
Virchow -Hircch Jaliresb 1S9 j p 400 

27 Le=«er Ztschr f plusiol Cliem 1S77, l, 1G5 

2S GrCliant and Qumquaud Compt rend Soc de biol , 1SS4, Tin, t i, 409 
29 Eulenberg Vrtljschr f genchtl Med , 187G, xwv 209 
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hyaline thiombi in the capillaries, a condition also opened bv Baner 
Thrombi also weie found m the larger vessels leading to the lungs in 
some ca=es An extensive edema of the lung tissue inching the pen- 
lascnlar and penbionchial connects e tissue and also the aheolai v\ alls 
was quite common Chei aieas of moderate extent m the lungs the 
ah eoli contained seious 01 tibrmous exudate In the animals which 
survned foi a number of days theie was almost always a bionchopneu- 
monia, the alveoli being tilled with red and white cells and desquamated 
epithelium Four 01 five days aftei the inhalation a considerable pneu- 
monic infiltration was usually piesent, the alveoli being filled with 
desquamated epithelium, wdnch not mfiequently fused to spicy iial-like 
masses The paits of the lungs free fiom edema and exudate weie 
emphysematous Plugs of epithelium and leukocytes cemented wuth 
mucus often filled the smaller bronchi Multiple focal necroses weie 
occasionally present in the liver 

Spectioseopical examination of the blood show r ed that the cliocolate- 
biowm color obseived m the animals dying m an atmospheie of nitiogen 
tctioxid fumes was due to the formation of hematm This substance was 
also observed by Kobert m the mine of a patient, but is not as a rule 
demonstrable m those patients w r ho have survived exposure to the gases 
Piobably only very small amounts of this substance are formed m the 
blood PTo morphological changes m the circulating blood w r ere noted 

The necroses occasionally obseived m the mucous membiane of the 
stomach and intestine were undoubtedly due to the fact that some of the 
fumes had dissolved m the saliva and been swallowed, causing eiosions 
The results of the animal experiments, therefore, correspond quite closely 
with the lesions found m human bemgs 

Mv owm expeiiments confirm and extend Koekel’s results A few 
charactei istic protocols are appended Dogs weie selected for the expeii- 
ments became of the ease with which pneumonia is induced m these 
animals and because the lungs aie voluminous enough to peinut of 
considerable topographical variation m the pneumonic aieas 

Dog 1 — Large, powerful animal weighing about 15 kilos, was anesthetized 
with ether and allowed to fill his lungs four times with fumes of nitrogen 
tetroxid mixed with about an equal aolume of air The animal rewted from 
the ether and seemed pretty well for some hours but on the follow me moraine 
was suffering from =e\ere di«pnea both inspiratory and expiratorr lie 
remained quietly in his cage and refused to e"t He coughed a good deal, 
and forty-eight hours later was killed The lungs showed an acute bronchitis 
with edema desquamation of the bronchial epithelium, and a ran 11 amount of 
lobular pneumonia the aheoli containing large cells mam of them pigmented 
and a good deal of fibrin and a few leukocytes The rem under of the lung was 
dcepl\ congested and showed a good deal of edema with a marked empln c enn 
especially in the anterior portions ,lhe other organ-- shoe ed no le=ion= Cultures 
from the lungs were sterile The condition corresponds to that noted m persons 
dnng soon after inhaling the gas 
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Dog 3 — Temei, weighing about 10 kilos, was lightly ehloioformed and 
allowed to fill Ins lungs about tweh e tunes v, )tb a mixture of equal volumes 
of air and nitiogen tetioxid The animal died about ten minutes later and on 
lemoval the lungs weie found to be almost solid with edematous bloody fluid 
Microscopically the alveoli were filled with a serous edema containing many red 
cells No lesions were present in the other organs A similar condition has 
been noted m some of the lapidly fatal human cases 

Dog 4 — Terner, weighing about 9 kilos, was lightly chlorofoimed and allowed 
to All Ins lungs three times with a dilute mixture of air and nitrogen tetioxid 
It soon leeoveied but refused to eat, had a good aeal of difficulty m breathing, 
v'lth coarse rales ovei the chest, and coughed a good deal, laismg yellowish frothy 
mucoid sputum The animal was killed after five days The lungs showed extreme 
emphysema with a scattered lobular pneumonia (Fig 2) most marked m depend- 
ent portions The bronchi were congested and filled with mucus There were no 
other macroscopic lesions Micioscopieally the lungs showed extensive lesions, 
the otliei organs weie normal except for a few focal necioses m the liver The 
bronchial mucosa was extremely edematous and congested, but the epithelium w r as 
still intact (Fig 10), the cilia even being present m a few' areas The epithelium 
of the terminal bronchi was swollen and desquamated (Fig 11), as was that 
of the alveoli (Fig 12) The alveolar walls were thickened and edematous, 
and the capillaries congested Emphysematous aieas alternated with patches 
of pneumonia (Fig 2) There were plugs of epithelium m the terminal bronchi 
(Fig 13), some of tnem composed wholly of cells, others of cells covering a 
growth of fibrous tissue This is the lesion described by Fraenkel as “bronchio- 
litis fibrosa obliterans” Similar plugs filled some of the alveoli (Fig 14), 
others contained solid masses of desquamated cells, others were filled with blood, 
fibun and coagulated seium, still others were lined with umegenerating epithe- 
lium Mitotic figures were lare, though present A number of the smaller ves- 
sels showed thrombi in various stages of organization ( Fig 15 ) The lesions m 
the lungs were very irregularly distributed and conesponded very closely m all 
details with those of the case of D, here reported, except perhaps m the extent 
of the emphysema, this lesion being less marked m the dog than m the human 
material, while the bronchiectasis was more extensive m the animal 

Dog 5 — Irish terrier, weighing 7 kilos, was etherized and given ten breaths 
of very dilute nitrogen tetroxid Nineteen days later the dog still had a cough 
but otherwise seemed well It was then given four deep breaths of dilute nitrogen 
tetroxid, and eighteen days later three inhalations of the same Six weeks latei 
it was killed The lungs seemed normal m the gross, and microscopically it 
could not be determined that there were any changes, possibly the lungs were 
slightly more emphysematous than those of a normal dog, but repair was extra- 
oidmanly complete 

Dog G — Fox terrier, weighing about 9 5 kilos, was given, undei ether anes- 
thesia, six breaths of dilute nitrogen tetroxid and air mixture The following 
day the dog was very quiet, did not seem to sufler very much pain, but coughed 
a good deal and showed intense dyspnea The second day after he coughed up 
thin, foamy sputum, did not eat, and vomited small quantities of mucus, for 
six days he coughed continuously and was then killed On opening the thorax 
the lungs were found to be coiered with a thin la>er of fiesli fibrin which was 
especially abundant over patchy areas of deep congestion These congested areas 
were scattered irregularly throughout, and were especially abundant near the 
thin edges of the lobes, they were quite firm to piessure The remainder of 
the lung was well aerated The bronchi were filled with thick mucus, the mucous 
membrane was congested The bronchial lymph-nodes were not enlarged The 
kidneys and other organs appeared normal The brain showed no hemorrhages 
noi softening Microscopically the lungs showed irregular areas of lobular pneu- 
monia with fibrin, a few leukocytes, and many desquamated alveolar epithelial 
cells There was considerable fusion of the alieoli to form large open spaces 
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The ahcolar walls weie much thickened and congested There was beginning 
repan of the epithelium m some of the aheoli The kidneis and h\cr ‘-bowed 
no microscopical changes Cultuics fiom the lung -were steiile 

Dog 7 — Short-ban ed, female ternei, -weighing 9 4 kilos, -while under mor- 
plnn was gnen three deep breaths of the concentiated gas The animal was 
voiy dyspncic for a few minutes and then became actn e and apparently suffered 
no discomfoit Six days afterward it was coughing a good deal One month 
later it w r is appai ently entirely well and healthy, and was then put under the 
influence of lnorplnn and given turn exposmes to nitrogen tetioxnl fumes, about 
two houis apait The day following the animal appealed veiy sick and refused 
to eat 01 drmk Rflles m throat and difficult breathing Tw'o days later it 
was still coughing up a white mucous sputum The animal w r as -very quiet and 
refused to eat Five days latei it was killed The lungs w r ere -very -voluminous 
Theic were firm sunken aieas along the borders of the posterior portions of the 
lobes These aieas w r ere of a grayish coloi The bionclu protruded fiom the 
surface of the cut lung and contained a mucopurulent fluid The solid lung 
tissue w r as gieemsh-giay m color Hie bronchi m some portions of the lung 
w'ere veiy much dilated The nncioseopic changes m the lungs were about the 
same as in Dog 4, but tlieie w T as much moie emphysema and the bronchi weie 
more extensively alteied and dilated The second exposure evidently extended 
these changes in an alieady diseased lung 

Doo 13 — Short-haired terner, weighing 8 5 kilos Under morplnn the animal 
was given seveial deep breaths of w’ell diluted nitiogen tetioxid It recovered and 
at the end of a month u T as apparently well, but finally began to cough and lose 
weight, and w r as killed live w'eeks after exposure During the last few' days the 
animal coughed a good deal At autopsy a lobular bionchopneumonia w r as found 
together with the usual emphysema An atypical pneumococcus was isolated 
from the pneumonic aieas, and the lesion, when examined microscopically, was 
found to be quite different fiom that seen m the other dogs, coi responding to 
that found after bacterial infections The alveoli w'ere filled with a richly 
leukocytic exudate, and bactena could be demonstrated by appropriate stains 
The lesion was evidently a spontaneous bacterial pneumonia developing in a lung 
weakened by the action of the nitrogen tetroxid fumes Such a pneumonia is 
not infiequent m animals on whom severe operations have been performed 

PROPHYLAXIS 

The chief danger of nitrogen tetroxid lies m the fact that a 1 per 
cent mixtuie of the gas with air can he inhaled without inducing 
coughing oi spasm of the laiynx, so that the bronchial and pulmonary 
epithelium is seriously damaged before severe symptoms supervene 
This is quite impossible wutli chlonn, sulphur dioxid, or ammonia, winch 
cannot be inhaled even m a mixture much diluted with air without 
causing a spasm of the glottis and suffocation 

As the gas is generated by contact of nitnc acid with any organic 
matter, the straw packing and wooden cases m winch the acid carboy s 
aie inclosed usually stait the reaction, the heat evolved often being 
sufficient to set the woodwork on fire, thus increasing the difficulty 
of handling the situation Nitric acid should, therefore, be stored 
in an amply \ outdated separate building with stone or concrete floor, 
if po^ible, and arrangements should be made so that the room can 
be Promptly flooded with water The handling of the carboys should be 
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placed m the hands o£ a few skilled workmen who have been mstiucted 
as to the dangers of inhaling the fumes arising when the acid is spilled 
Sand is the best material for absorbing any acid which may he upset If 
it is necessary foi the woikmen to enter a room m which the acid has 
been spilled, their mouths and noses should be coveied with cloth 
moistened with very dilute ammonia 

TREATMENT 

Tlieie is no satisfactoiy treatment after the gas has been inhaled 
Breathing ammonia vapoi has been suggested, but this only adds a 
second eoirosive gas to that alieady present m the lungs Oxygen 
inhalations aid m combating the dyspnea, but do not touch the cause 
of this symptom, which is chiefly due to the edema of the walls of the 
bionchi Morphin and stimulants should be given aeeoidmg to the 
symptoms 

CONCLUSIONS 

1 The inhalation of even small quantities of nitrogen tetroxid gnes 
rise to an exceedingly dangerous pulmonaiy condition with a charac- 
teristic lung lesion both m man and m animals 

2 As there is no satisfactory tieatment of the condition it is of the 
utmost importance that careful instruction be given to all factory 
laborers or laboratory workers who have to handle concentrated nitric 
acid as to the dangers mcuired and the means of avoiding them 
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ORGANIC IODIN PREPARATIONS, THEIR PHARMACOLOGY 
AND THERAPEUTIC VALUE 

FRANKLIN C McLEAN, M D 

PORTLAND, ORE 

The mtioduction within lecent yeais of nnmeious oigamc lodm com- 
pounds as substitutes for the lodids, the extravagant claims made foi 
some of them by the manufacture! s, both as legal ds therapeutic efficiency 
and absence of toxic side actions, and the scarcity of literatuie on the 
subject m Amencan periodicals seem to demand a review of the entire 
subject of the value of these substances as theiapeutic agents Most of 
these compounds have ongmated fiom Geiman manufactuiers, and neaily 
all of the investigations regarding them have been published m that 
count] y These substances, liowevei, aie being rapidly introduced into 
the American maiket, and at the suggestion of the Council on Phaimacy 
and Chemistiy of the Amencan Medical Association, I have undei taken 
an imestigation of the pharmacological basis for the use of such com- 
pounds as substitutes for the lodids The present papei deals chiefly with 
the liteiatuie on the subject 

I — CLASSIFICATION AND CHEMICAL NATURE 
Most of the oigamc lodm piepaiations mtioduced up to the piescnt 
time as substitutes for moiganic lodids aie addition pioducts of 10dm 
with eithei piotcms 01 unsatuiated fatty acids or fats Other oigamc 
combinations of 10dm bale usually so gieat an action due to the 
icmaindei of the molecule that the lodm action is obscured, and they aie 
as a lule not suitable for admmistiation as substitutes foi the lodids 
A Iodized Albumins 01 Pioteins — The fiist iodized albumins weie 
piepaied by Boehm and Beig 1 The lesultmg pioduct could be easily 
dcpmed of its lodm bj r washing with watei, 01 by dialysis, so that the 
combination between the iodm and the albumin was not Him, and they 
c on «i deied that the iodm w r as mechanically held Liebrecht and Roeb- 
m mn- iodized casein by w aiming it with iodm The lesultant compound 
contained no fiee iodm, but gave off iodm on washing with watei and 
alkalies Then “Pciioilrasem ' held 17 8 per cent of iodm, but aftei 
w admit: it left “lodca^ein ' with o 7 pci cent Both compounds split off 
Miluhm and phosphorus easih Ilofmeistei'’ prepaied lodo-albumm fiom 

l^rom tho ld'oiator\ of l*iochemj c tr\ and phaim tcologv, Unner«ity of Chicago 
foi publication Sept 17, ]0]2 

supported b\ a trrant from tho Commit too on Therapeutic Rc- 
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crystallized egg albumin Many other iodized proteins are now on the 
market, and several of them are described below Most of these prepara- 
tions no longer give the Millon reaction, and on this account it has been 
considered that the tyrosm group m the protein molecule has taken up 
the 10 dm To bear this out, a tyrosm-iodm compound (3-5 diodotyrosm, 
an 10 dm complex found in sponges 4 and other places m nature) has been 
separated from a number of the iodized proteins by hydrolysis (vide 
mfui ) Undoubtedly, however, as shown by Oswald 5 * and by Pauly, 0 other 
groups m the protein molecule aie also involved m the combination, and 
aecor ding to then woik it is probable that both kistidm and phenylalanin 
may take up 10 dm when a protein is iodized It has been shown that 
many of the commercial preparations of iodized proteins consist of a 
mixture of a true compound of lodm with the protein molecule, of inor- 
ganic rodid, possibly loosely combined, and m some cases, of fiee 10 dm 
The nature of the commercial preparations of iodized proteins so far 
studied may be heie bnefly summarized Many of these preparations aie 
not yet on the American market 

COMMERCIAL PREPARATIONS 

lodalbacid (Pabnkanten Herm Gans in Prankfurt) is a commercial 
iodized albumin, said to be obtained by electrolyzing an lodid solution m 
which the anode is sui rounded by a protein It is said to contain 10 
per cent of lodm Oswald 7 hydiolyzed this compound and obtained 0 4 
gram of dnodo tyrosm from 100 grams original substance Taege 8 also 
examined this substance and found it to contain only 5 5 to 5 6 per cent 
of 10 dm He found it free of morganic 10 dm, and found no 10 dm split 
off on shakmg with water, and concluded that all the lodm is bound m 
the molecule When given by mouth he found that 66 per cent of the 
10 dm was excreted in the unne within eighty horns, 60 per cent m 
organic combination and 6 per cent m inorganic form 

Iodized egg white is manufactured in three forms (Chem Pabnk 
von Dieterich m Helfenberg) (1) Iodeigon is an iodized, water insol- 
uble, egg albumin, with 20 per cent of 10 dm This compound was 
studied by Taege, 8 who found that 95 pei cent of the total 10 dm was m 
loosely combined, inorganic form, mainly as hydriodic acid, and this was 
easily split off on shaking with cold water On giving this compound by 
mouth he found that the excretion ended in ninety hours, with the excre- 
tion of 76 4 per cent of the total lodm, with 23 4 per cent m organic 
form and 53 0 per cent m inorganic form (2) Iodeigonati mm is a 

4 Wheeler and Mendel Jour Biol Chem , 1009, i n, 1 

5 Oswald Ztsclir f physiol Chem, 1900, hin, 299 

G Pauly Ztsclir f physiol Cliem , \.lm, 2243 

7 Oswald Ztsclir f plnsiol Chem, 1911, lax, 311 

8 Taege Med Kim, 1910, m, 1530 
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vvatei soluble, sodium salt of an iodized egg albumin, said to contain 15 
per cent of 10dm This compound was examined by Oswald, 9 who found 
90 per cent of the 10dm split off after four and one-half horns boiling 
■with saturated banum I13 di ate lie was unable to sepaiate iodot} rosin 
from this substance Mosse and Xeuberg 10 also examined this compound 
and found only a little 10dm split off on boiling with dilute acids ( 3 ) 
Pcpioxdcigon (lodopeptone), a third' form, contains 15 per cent of 10dm. 
J Ottoman qan , X 1ST E , contains 1 per cent of this compound 

Jodglidm (Klopfer, m Dresden) is an iodized plant albumin (gliadm) 
containing 10 per cent, of 10dm, of which 38 4 pei cent is m loosely 
combined, inorganic form (Taege) Taege gave this compound by mouth 
and found 63 2 per cent of the 10dm excreted m seventy-eight horns, 
with 48 2 per cent m inorganic form and 15 per cent m oiganic com- 
bination Xeuberg 11 l^droljzed this compound with 30 per cent sul- 
phunc acid at 40 C, and separated a crystalline copper salt containing 
52 25 per cent 10dm, but he did not obtain dnodotyiosm Oswald 7 also 
hjdioljved lodoglidm and obtained 7 3 per cent of the ongmal 10dm 
present as dnodotj rosm, using saturated barium hydrate as the hydio- 
lv/mg agent IVlieelei and Mendel 12 also found dnodotyiosm on hjdio- 
hs*s Accoidmg to Broking, 13 mdglidm is veiy unstable, affected by 
light, pepsin, trjpsm, etc The 10dm is firmly combined only m pait, 
and a much greatei pait is loosely held, this agreeing with the results of 
Taege Boiuttau 14 showed that 10dm could be split off by digestion with 
pepsin, ti eating with alcohol, or boiling with acids 

lodalbtn, X X I? (Parke, Davis & Co ), is said to be a compound of 
10dm with blood albumin, containing approximately 215 per cent of 
10dm It is mid to contain no free 10dm, unless decomposed It is 
imoluble 111 the oidmaiy solients, but soluble m alkalies I have exam- 
ined samples of this substance, obtained m the open market, and find the 
claims a^ to the total amount of lodin to be substantiated, as I have found 
21 6 per cent of 10dm The dry substance gives a stiong blue color 
vith daich pade On shaking for a few minutes with a dilute solution 
of pofnsmnn mdid (G gm m 300 c c ) an amount of 10dm equivalent to 
0 l )ctr cc “ n * °f Ific original weight of the substance is sepaiated from it 
On dialing foi four hours m distilled water, at room temperature I have 
found m amount of 10dm equivalent to 4 9 per cent of the original 
"" h_M of the substance to be separated off The considerable amount of 

° ' ,1(? f pin =iol Chem.lPll Kmi 374 

O Mo'-n nn,i Xojbrrc Zt=chr f plivsiol Chem , 1902-3, mm 427 
11 \( "In r" Ilirvchorn Zt=c1.'-, t.vwi 231 
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free iodm which the substance contains would doubtless prove irritating 
in the stomach 

Iodomenm (Herr Wolfing, Berlin) is a compound of albumin with 
the bismuth iodm It contains 4 45 per cent of iodm (Taege 8 ), and of 
this 94 4 per cent is split off by shaking with water, most of it being 
united to bismuth Taege gave this substance by mouth, and found 81 4 
per cent of the total iodm given, excreted m ninety hours, 65 7 per cent 
inorganic, and 15 7 per cent inorganic combination 

Pioiochn (Wolf, m Bielefeld) is an iodized casein with an iodm 
content of 4 23 per cent (Taege 8 ), that is firmly bound m the protein 
molecule Practically all of this substance is excreted m organic 
combination 

Iodomaisine is the iodized pioduct of the albumin from corn meal 
(zem) containing 44 68 pel cent of iodm It gives both the biuret and 
Millon reactions 

Iodtiopon (Troponwerken m Mulheim) contains 5 per cent of iodm 
Of the total iodm only 3 37 per cent is split off on shaking with cold 
water, leaving 96 63 per cent m organic combination In sixty hours 
only 13 2 per cent of total iodm given was found m the unne (Taege 8 ), 
and at that time the urine was free of iodm 

B Iodized Fats and Fatty Acids — The first iodized fat to be recom- 
mended for therapeutic use was desci ibed by Wmternitz 15 It was intro- 
duced into the market under the name of lodipm ( vide xnfia ) Since 
then numerous other compounds have been manufactured, their com- 
position depending on the fact that the free valences m unsaturated fatty 
acids may be satisfied by iodm The resulting compounds are geneially 
fiee from free iodm, and do not yield their iodm readily, except on 
hydiolysis They are generally, therefoie, moie stable than the iodized 
albumins 

lodipm , 1ST 1ST R (Merck), is the product of the addition of iodm 
clilond to oil of sesame It is on the market in two forms, one of 10 per 
cent stiength, and the other of 25 per cent strength, foi hypodermic use 
The daiker color of the 25 per cent preparation is not due to fiee iodm, 
but to a resm-like body which the oil contains 10 

Sajodxn, 1ST 1ST R (Farbenfabuken von Elbeif eld), is the calcium soap 
of a fatty acid obtained by iodizing erucic acid, forming lodo-beheme 
acid The formula is said to be (C 21 H 42 IC00) 2 Ca Theoretically tins 
should contain 26 03 per cent of iodm Two samples analyzed by me 
showed an iodm content of 22 46 per cent and 22 58 per cent On boiling 
foi fifteen minutes with 25 per cent sulphunc acid, the substance splits 
off the iodized fatty acid, which by further hydiolysis yields its iodm 


15 W mtprmtz Deutsch wed Wchnsehr, 1807, win, 477 

16 Wmlermtz Munclien wed Wcbnsclir, 1003 1, 1241 
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Lipoidm is a new iodized fatty acid ester described by Loeb and van 
dei Yelden 17 It is the etliyl ester of a dnodized, nnsatmated fatty acid of 
the formula C 24 H 44 I 2 0 2 , containing 41 06 per cent of 10 dm It is soluble 
m 70 pei cent alcohol, also m oils, fats, benzol, chloioform, and insoluble 
m water 

Iodostann (IIofEmann-La Roche Chemical Works) is a new dnodized 
fatty acid of the formula C 18 n 32 I 2 0 2 , and should contain 47 5 per cent 
of 10 dm The IToffmann-La Roche company has furnished me with 
cample tablets of the substance, each containing 0 25 giams of the 
compound, and said to contain 0 12 grams of 10 dm In my analysis of 
these tablets I have found the lodrn content to be 46 53 pei cent , each 
tablet containing 0 116 grams Iodostann occurs as a colorless powder, 
insoluble m water, but soluble m alcohol, ether, etc 

lodvoal (Knoll & Co ) is lodoisovalenanyl urea, corresponding to the 
bromid compound “Biomural,” N N R It is somewhat soluble m water 
It is said to contain 47 per cent of lodm 

C Other Ox game lodm Compounds — The other organic 10 dm com- 
pounds used therapeutically are used mainly for their antiseptic action 
lodofonn (CHI.*) has, of course, pnonty over the rest of these Numer- 
ous substitutes for lodofoim have been introduced, such as Thymol lodul, 
U S P (Anstol) , Ewophen, N N R , Airol, N N R , Iodonc. , N N 
R , Iodofoxmogen , N N R , Yiofoim , N. N. R, etc If these substances 
aie given internally they are split m the body, and the lodm is 
liberated m the foim of mdids, and excreted, but the substances them- 
selves and then decomposition pioducts m the body have certain toxic 
actions (such as that of iodoform) which render them unsuited for 
internal use. 

lolhxn, N N R (Faibenfabriken von Blberfeld Co ), is di-iodo- 
hydioxy-propane, obtained by chlorinating glyceim and replacing the 
clilorm by lodm It is a yellowish, oily, heavy liquid, said to contain 77 
pei cent of 10 dm, and is recommended foT application to the skm m the 
foim of inunctions, for absorption 

Glycetodin, N N R (H K Wampole), the glycente of hydnodic 
acid, is not a true organic preparation 

lodociim is a lecently described compound of 10 dm and lecithin 18 
II — ABSORPTION" AND EXCRETION 

Since most of the organic lodin preparations used internally are 
addition pioducts of lodm with proteins oi fatty acids, the question of 
then absoip tion is intimately concerned with the physiology of the 

17 Locb and Van der Velden Thcrap Monatsli 1911, xxv, 209 

IS Neuberg Thcrap d Gegemv, August, 1911. 
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absorption of the proteins and fats As certain changes occui m these 
substances m the process of digestion and absorption, we expect to find 
that their 10dm addition products will undergo certain similar changes 
m ttis gastro-mtestmal tract Boiuttau 19 has earned on artificial peptic 
and pancreatic digestion of the iodized proteins, and has determined the 
amount of 10dm present m the splitting products obtained He found 
that the compounds which are easily depnved of their 10dm by washing, 
etc (such as lodghdm), yield it readily on digestion, and a relatively 
large amount appears as inorganic lodid, while a relatively small amount 
remains m the undigested residue The reverse is tiue of the more stable 
compounds, such as lodalbacid He found 10dm m all the fractions of 
acid proteins, peptones, etc He concluded that the splitting off of 
inorganic 10dm did not occur in the stomach, though it could be produced 
outside the body by peptic digestion, but that the splitting products of 
the proteins left the stomach before that stage had been reached, and that 
the process was completed by pancreatic digestion, and that a large 
amount of the 10dm was absorbed m the form of inorganic lodids V 
Furth and Friedman 20 demonstiated that when lodalbacid, one of the 
more stable compounds, was fed, most of the 10dm was carried m the blood 
m inorganic form Some absorption of the 10dm m the form of iodized 
splitting products of the proteins also occurs, the amount depending on 
the amount of 10dm which is fiimly bound m the piotem molecule As 
3-5 dnodotyrosm has been obtained from hydrolysis of many of the 
iodized proteins, it is probable that a part of the 10dm is absorbed m that 
foim, and similar forms Mosse and Nenberg 21 found lodhippunc acid 
m the urine on feeding lodeigonatnum to rabbits, and found lodbenzoic 
acid m the blood on feeding the same substance to dogs Oswald 22 was 
unable to confirm their results, ancL concludes that the 10dm m the 
preparation used was not held as dnodotyrosm 

The form m which the 10dm, fed m the form of iodized proteins, is 
excreted depends largely on the form in which it is absorbed Taege 8 has 
shown a close parallelism to exist between the stability of the iodized 
proteins and the amount of organic 10dm m the urine It is probable, 
therefore, that a large part of the 10dm absorbed m organic combination 
is excreted m practically the same form, without ever being libeiated m 
inorganic form This is borne out by the work of Oswald,- 3 who fed 3-5 
dnodotyrosm to rabbits, and found that about half of the 10dm given was 

19 Boruttau Ztschr f exper Path n Therap , 1910, vm, 418 

20 Von Furth and Friedman Arch f exper Path, Festsclir f Sehmiedebei g, 
190S, p 214 

21 Mosse and Neuberg Ztschr f physiol Cliem , 1903, rxvwi, 419 

22 Oswald Ztschr f physiol Chem , 1910, lxv 141 

23 Oswald Ztschr f physiol Chem, 1909, hn, 399 
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exacted m the urme in organic combination, partly m the same form m 
which it was given This 10dm would necessaiily, therefore, be devoid 
of any 10dm “ion action ” Abderhalden and Slavn 24 gave 3-5 dnodoty- 
losm by mouth and subcutaneously and found most of the 10dm m the 
mine m inorganic form They found some m organic combination, but 
not as dnodotyrosm They found, however, a considerable amount of 
dnodotyiosm m the feces, even when the substance was given subcu- 
taneously 

The fate of the iodized fats is similar to that of the fats and fatty 
acids themselves They generally pass through the stomach unchanged 25 
and are split m the intestines and absorbed In the case of sajodm, the 
calcium is probably first split off, as this change occurs first on hydiolysis, 
and following this there is at least partial splitting off of the 10dm from 
fatty acid Metzger 20 fed sajodm to dogs with intestinal fistulas, and 
showed the piesence of inorganic 10dm m the duodenum durmg digestion. 
With lodipm he was unable to demonstiate any inorganic 10dm m the 
stomach 01 upper duodenum According to Wmternitz , 10 lodipm is not 
absoibed m the stomach, but is split m the intestines by the bile and 
panel eatic and intestinal juices, leavmg the 10dm bound to the fatty 
acid, and is absorbed mainly as the iodized fatty acid He showed that 
the lodm was present m the ether extiact of the blood after absorption, 
and concluded that it was identified with the fats there By oxidation of 
the iodized fatty acid m the blood and m the tissues the 10dm is split off 
m the foim of lodid and excreted Wells 27 concluded that when lodipm 
was injected subcutaneously it was carried m the blood mainly as moi- 
gamc 10dm Boiuttau 10 gave sajodm and lodival m large doses to dogs, 
took blood from the carotid, and found that much more lodin was present 
m the blood m moigamc than an organic form Abderhalden and 
Kautzsch 2S concluded that sajodm was absoibed as the mono-iodobehemc 
acid, and was taken into the cells m that form, and that 10dm was 
hbei ated by oxidation m the cells My analysis of the liver after giving 
sajodm ( vide inf id) would indicate that a part of the 10dm is present in 
the tissues as the iodized fatty acids, though I do not regard this as 
sufficiently demonstrated 

Loeb and van der Yelden 17 showed that lodival is absorbed without 
anj moi game 10dm being split off m the intestine Broking 13 came to 
the same conclusion 


2 1 Abdei lialden and Slavu Ztschr f pliysiol Chem , 1909, 1m, 405 

p P^tonak Bull Soc de tlierap . series 4, 1910, xi , Bachem Munchen mod. 
W chnstfir , 1011, No 41 

20 Metzger Med Klin, 1911, mi, 1390 
27 Welle Zteclir f pin, siol Chem 1905, xlv, 412 

2S Abderhalden and Kautzsch Ztsclir f e\per Path u Tlierap, 1907, iv, 1. 
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When the iodized fats are taken the greatest amount of 10 dm leaves 
the body in. the urine in the form of potassium lodid, 29 though a small 
amount is present m the mine m organic combination This is of no 
significance, as about 9 9 per cent of 10 dm given as potassium lodid may 
appear m the urme m oigamc combination (Taege s ), and Harnack 30 has 
shown that a spontaneous change from lodid to organically combined 
10 dm may occur under normal cu cumstances in fresh urine 

The excretion of lodm m the milk, when given m the foim of iodized 
fats, is of interest Lons 31 fed lipoiodm and found greater amounts of 
iodm m the milk than when conespondmg amounts of potassium lodid 
were fed He was unable, however, to identify the iodm m the milk with 
the milk fat Wmternitz 15 fed iodized hog fat to a goat, and found iodm 
m the milk m the form of an iodized milk-fat, and also m the milk sei um 
m inorganic foim In seven da} r s 6 2 per cent of iodm given was 
excreted m the form of iodized milk-fat 

The absorption of iodm compounds from other places than the gastro- 
intestinal tract has been studied The absorption of lodipm when 
administered subcutaneously has alieady been mentioned Wmternitz 10 
showed that lodipm was not absorbed through the unbroken skm, as the 
urme remained lodm-fiee, and he also showed that not over 10 pei cent 
was absorbed when administered by rectum Iothion, which is of the 
nature of an iodized volatile oil, is lapidly absorbed through the unbroken 
skm, 32 appearing m the mine m about one hour It is lrntant to the 
skm, and is usually applied m the foim of an inunction, using lanolin as 
a base 

BATE OF ABSORPTION AND EXCRETION 
The late of absorption and excretion of the oigamc iodm prepaiations 
has been studied mainly m comparison ivith the excretion of potassium 
lodid The excretion of potassium 'iodid has been studied by many 
observers, and the results agree m general with those of Anten, 33 who 
showed that (1) after one dose of potassium lodid (0 5 grams) the 
highest amount m the mine is m the second hour, rarely m the hist oi 
third, (2) the average amount excieted m the urme aftei this dose is 75 
per cent (minimum, G5 per cent, maximum, 85 per cent), (3) the 
duiation oi the presence of iodm m the uime after such a dose of 0 5 
gums is forty hours After two doses five horns apait the duration is 
fifty-six hours, and after three doses m ten horns is seventy-seven houis, 
(4) when mucilaginous bodies are given with potassium lodid the excie- 

29 v Klmgmuller Beil khn Wchnsclir, 1S99 p 540, Wmternitz Munchen 
med Wehnsehi , 1903, 1, 1241 

30 Harnack Arch mternnt d Plnrm u Theiap , 1910, w, 247 

31 Lons Berl khn Wchnsclir , 1911, xhm, 20G4 

32 Ivellermann Ztschr f e\per Path, 1905, u, 41G 

33 Anton Arch f e\-per Path u Pharm , 1902, al\ in, 331 
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tion is slouei m the first two hours, (5) when potassium mtiate or 
sodium chlorid is given with potassium iodid the excietion of 10 dm is 
distinctly greater Biokmg 12 found potassium iodid to be rapidly 
absorbed m the small mtestme and the excretion m the urine to average 
80 per cent of that given Excretion begins a few minutes after taking, 
and lasts m the urine sixty hours as a maximum He found 75 per cent 
excieted m the mine m the first twelve hours, and only 5 per cent after 
that time, and found 10 dm m the feces only m tiaces The relation 
between the excietion of cliloim and 10 dm, and particularly between 
cliloim and bromm has been studied by a number of observeis Sarvonat 
and Ci emeu 34 have shown that animals on a chlorm free diet retain 10 dm 
m the tissues longei and m gi eater amounts than those receiving chlonds 
in the diet The fate of the lodm which does not appeal m the urine has 
not been entirely settled Only small amounts appear m the feces, but 
lodin has been found m the perspiration, and m the hair, etc , and the 
thyroid may hold a considerable amount (tide infia ) Boiuttau 19 found 
small amounts m the intestine, kidneys, heait and lungs four days after 
giung potassium iodid to a labbit 

The iodized fats and fatty acids show the greatest difference from 
potassium iodid with Tegaid to rapidity of excretion After the adminis- 
tration of sajodm the 10 dm does not appear m the saliva and urine until 
after one to three hours, and eighty-four houis is required for excretion 
of 10 dm m the urme after a single dose, during which time 35 to 50 per 
cent of 10 dm given appeals m the urme (Bioking 13 ) Eiom 7 to 10 per 
cent appeals m the feces unchanged The highest point m the excretion 
is icached m the fiist twelve hours, but the amount excreted remains 
high duiing the first tliirty-six hours, though m the case of potassium 
iodid it falls veiy low after twelve hours Singer 35 found only 58 5 per 
cent of lodm given as lodipm m the urme, and showed that the excretion 
u as much slower than m the case of potassium iodid Broking 13 showed 
that the excretion of lodival began rapidly, reached its height within a 
few lioui s, and continued about sixty hours after a single dose, resulting 
m the excretion of about 80 per cent of the lodm given He showed that 
the late of excietion was somewhat more uniform than with potassium 
iodid esnecially when the diug was given m successive doses He found 
“ pei cent remaining m the feces Loeb and van der Velden 17 showed 
that lodival is rapidly absoibed and appears m saliva and urme m twelve 
m mules, and that the rate of excretion is practically parallel with 
potassium iodid Loeb and van der Yeldcn also showed that with lipo- 
lodm tlie excretion began m two to tlnee hours, and continued sei enty- 
tvo to 120 h ours, and the} found an aierage of 3 to 12 per cent in the 

31 Sarvonat atul Crcrneu Compt Tend Soc tie lnol , 1911, Ixx, 268 

' > Singer Zt=clir f Urn Vied 1904 In, 521 
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feces vmdei normal conditions They also found some of the 10dm piesent 
m the blood m ether-soluble form, and concluded that the estei 01 the 
free fatty acid was absorbed with 10dm combined Abderhalden and 
Hiisch 30 found that the ethyl esters of iodized fatty acids, such as lipo- 
10dm, were slowly absorbed Loeb and van der Velden concluded that 
when lipoiodm was given the 10dm was slowly and evenly split off, giving 
a comparatively even 10dm effect 

The iodized piotems, being of a moie or less unstable charactei, aie 
generally absorbed and excreted moie rapidly than the iodized fatty acids, 
and the rate of excretion is more neaily like that of potassi um lodid 
Broking 13 found lodglidme to be excreted m a similar manner to lodival, 
and found 3 to 4 per cent m the feces I have found 10dm m the mine 
within fifteen minutes after the administration of lodalbm, which would 
be expected from its content of free 10dm The work of Taege, showing 
the relationship between the stability of the iodized proteins, has alieady 
been quoted (vide supra) 

Metzgei 20 studied the excretion of lodocitm (iodized lecithin) and 
found the highest point m excretion within the fiist twelve horns, a 
considerable amount being excreted m oigamc foim 

The relation between 10dm and chlonn excretion has been shown by 
Herzfeld and Heimann 37 to be the same m the case of lodostarm as when 
the iodide are given 

The influence of pathological conditions on the absorption and excie- 
tion of certain compounds has been studied by Loeb and van der Velden , 17 
who showed that m patients with diarrhea, 50 per cent of 10dm given as 
lipoiodm may appear m the feces Van der Velden 38 found that the 
excretion of 10dm m the urjne may be maikedly changed from normal 
under certain pathological conditions He found that there was a slowed 
excretion of potassium lodid, but a quickened excretion of lodival, and 
concluded that there may be a more rapid and intensive splitting of the 
io dm from the organic complex m the one case The lessened excretion 
of lodm m nephntis has also been shown m the case of lodival by Hoisa 
and Arcadi 39 

in — distribution in the body 

The factors concerned m the entrance of the vanous 10dm compounds 
into the cell aie still unsettled 0 Loeb 40 gave potassium io did to labbits, 
and found the largest amounts of lodm m the blood, kidneys and lymph- 
nodes (exclusive of thyroid) He found the brain, spinal coid, fatty 
tissues and bone always lodm-free When he gave lodival, lodanilm and 

36 Abderhalden and Hirsch Ztschr f physio] Chem , 1911, how, 3S 

37 Herzfeld and Heiman Med Klin , 1911, vn, 1858 

38 Van der Velden Therap Momtsh , 1910 , xxiv, 632 

39 Korsa and Arcadi Zentralbl f Biocliem , t, 619 

40 Loeb, 0 Aich f exper Path , 1907, Ivi, 310 
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lodofoim lie found 10dm m the bram and m fatty tissues, and he ascribed 
then entrance into these tissues to their lipoid solubility Boiuttau 10 was 
unable to confhm Ins results with regai d to potassium lodid, as he found 
10dm in the biam after giving potassium lodid Boiuttau found, foui 
days aftei giving iodized proteins, that the largest amounts of 10dm weie 
m the bram He concludes that the “Neurotropie” and “Lipotropie” of 
Loeb aie relatively ummpoitant, except for iodized fats subcutaneously 
injected 

In this connection it is important to know m what form the 10dm is 
present m the tissues Lesser 41 gave a rabbit 10 c c of 25 per cent lodipm 
within twenty-four days, separated the fats fiom the tissues by ether 
extraction and obtained the following results 

— Mg per Gram of Organ — 


Organ 

W eight 

Total lodm 

I as Iodized 

Lung 

26 4 

0 55 

0 255 

Liver 

68 0 

045 

0 1 

Kulnevs 

18 2 

02 

0 009 

Mesenterial fat 

40 


0 045 

Blood 

100 c c 

0 15 

trace 


He concluded that on giving iodized fat a laige amount of lodm was 
split off, and only a part circulated m the blood as fat or fatty acid, while 
a part is taken up by the tissues m the form of the fat or fatty acid 

To deteimme with what constituents of the cell the lodm is mainly 
identified aftei entiance into the tissues, I have analyzed certain tissues 
foi the distribution of lodm m the cell, after giving iodized fatty acids, 
iodized proteins and potassium lodid The liver was chosen for this work, 
as it is of convenient size (m rabbits) for extraction, and because it 
contains a considerable amount of lipoid substance, and also because it 
takes up a considerable amount of 10dm The separation of the cell con- 
stituents was made by the method described by W Koch 42 The rabbits 
weie given the 10dm compound hypodermically or by stomach tube, and 
weie later killed by bleeding from the neck, and the tissues collected and 
estimations of the total 10dm m the principal organs made The Irver 
was cut up m small pieces and put m enough absolute alcohol to make 85 
pei cent alcohol, with the water m the tissue, and allowed to stand for 
one to two weeks, aftei heating up to 70 C for about an hour It was 
then subjected to a continuous hot alcohol extraction m the extraction 
appaiatus described by Koch, for four hours, followed by an ether extrac- 
tion of one hour The dried residue was then finely powdered, soaked 
up with watei, made up again with absolute alcohol to 85 per cent alcohol 
and allotted to stand a few hours, after which it was again exti acted 
with hot alcohol foi about twelve hours The residue was then dried ra 

41 Lesser Arch f Dermatol Svph , 1903, Kit, No 1 

12 Ivoch W Jour of Am Chem Soc , 1909, xxvi, 1330 
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an oven to constant weight The alcohol extract was evaporated to near 
dryness, dned for two to three days m a vacuum desiccator and emulsified 
m water After complete emulsification the lipoids were precipitated 
accoidmg to the method of Kocli, 42 by hydrochloric acid and chloroform 
Estimations were made of the amount of 10 dm m the three fractious 
separated in this way ( (1) protein residue, (2) lipoids— alcohol soluble, 
water insoluble, (3) water soluble, alcohol soluble) All iodm determina- 
tions were made by a slight modification of the method descubed by 
Hunter 43 This method has given very uniform results m our hands 
The protocols of typical experiments will sene to illustrate the lesults 


Experiment V — Potassium Iodid — Rabbit, weight 1,600 gm 
July 22, 3 p m , 0 8 gm KI m watei by stomach tube 
July 23, 9 a m , 0 5 gm KI in water by stomach tube 
July 23, 10 30 a m , killed by bleeding from neck 


Analysis of Tissues 


Weight, Fresh, gm 
10 1 
47 1 
4 15 
65 95 


Organ 
Kidneys 
Blood 
Heart 
Liver 

Protein residue 
Lipoid ( ale sol , watei insol ) 
'Alcohol soluble, watei sol 
Total 

Biam 8 95 


Mg I per Gram Fresli Tissue 
0 344 
0 292 
0 122 


0 000 

0 032 (32 0%) 
0 067 (67 0%) 


0 099 
0 007 


Experiment VI — Iodalbm — Rabbit, weight 1,600 gm 
July 25, 3 00 p m , 2 gm iodalbm m NaHCO, sol by stomach tube 
* July 26, 11 45 a m , 2 gm iodalbm in NaHCO, sol by stomach tube 
July 26, 2 00 p m , killed bj bleeding from neck 


Analysis of Tissues 


Organ Weight, Fresh, gm 

Kidneys 9 ? 

Blood 83 7 

Heart 4 0 

Liver 70 45 

Protein lesidue 

Lipoid (ale sol, water msol ) 

Alcohol sol , water sol 
Total 

Brain 8 25 


Mg I per Gram Fresh Tissue 
0 21 
0 209 
0 116 


0 000 

0 014 (24 5%) 
0 043 (75 4%) 


0057 
0 00S 


Experiment II — Sajodm — Rabbit, weight l,/90 gm 

June 24, O 3 gm saiodm in olive oil subcutaneously 

June 25, 0 3 gm sajodm m olive oil subcutaneously 

June 26, 9 30 a m , 0 5 gm sajodm m olive oil subcutaneously 

June 26, 1 30 p m , killed by bleeding fi om neck 


43 Hunter Jour Biol Cliem , 1910, vn, 321 
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Analysis of Tissues 


Organ 
Heart 
Kidneys 
Lungs 
Liver 

Protein residue 
Lipoid (ale sol , water insol ) 
Alcohol sol , watei sol 
Total 

Blood 74 7 

Spinal coid 2 7 

Brain 7 ® 


Mg I pei Giam Fresh Tissue 
0 0276 
0 0257 
0 0185 

0 0000 

0 0106 (62 7%) 

0 0063 (37 3%) 

0 0169 
0 0151 
0 0078 
0 0053 


Weight, Fresh, gm 
46 
10 82 
9 12 
54 9 


Expcnment IV— Sajodin— Rahbit, weight 1,400 gm 
July 17, 2 10 p m , 2 gm sajodm m olive oil by stomach tube 
July 18, 9 30 a m , 2 gm sajodm m olive oil by stomach tube 
July 18, 1 30 p m , killed by bleeding fioni neck 

Analysis of Tissues 

O rK an Weight, Fresh, gm Mg I per Gram Fresh Tissue 


o - 

Heait 

32 


0 178 

Liver 

49 5 



Protem lesidue 


0 010 

( 6 4%) 

Lipoid (ale sol , ivatei msol ) 

0 082 

(52 9%) 

Alcohol sol , water sol 


0 063 

(40 6%) 

Total 



0 155 

Blood 

26 5 


0 125 

Kidneys 

83 


0102 

Brain 

6 05 


0 026 


The results of these experiments would tend to show the following- 

1 Theie are no essential differences in the distribution of lodid after 
giving potassium lodid and lodalbm, either m the distribution between 
the different organs, or m the distribution m the various constituents of 
the cell 

2 Sajodm produces a lelatively higher percentage of 10dm m the 
lipoid fraction, indicating that the lipoids of the cell take up iodized fats 
fiom the blood (Moie data are required on this point ) 

3 The relative amount of 10dm in the nervous tissues after sajodm 
is much gi eater than after potassium lodid or lodalbm — though small 
amounts of 10dm have been found m all cases The liver also stands 
lelatively higher m 10dm content aftei sajodm 


IV — PHYSIOLOGICAL ACTION 

the question of the physiological action of the organic 10dm piepara- 
nons w e\en moie complex than that of the inorganic lodids, about which 
mo know lelatnely little In the case of potassium lodid, we have to 
consider the action of the salt itself, its i ons after dissociation, and the 
free lodm uluch may be liberated m the body In the case of an iodized 
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fat or protein we must consider the action of the molecule as a whole, its 
organic splitting products, the action of the 10dm after liberation horn 
the molecule and recombination m organic or inorganic foim m the 
body The last-named action would probably be identical with the action 
of 10dm given m inorganic foim 0 Loeb 44 divides the consideration of 
10dm action into three groups ( 1 ) salt action, ( 2 ) effects on physiologic 
activity of thyroid and ( 3 ) changes produced m pathologic conditions 
He assumes that lodism is due to the flooding of the organism with lodm 
tons by rapid absorption of potassium lodid, and advocates the use of 
iodized fats (lipoiodm) since the lodm is gradually split off and “flood- 
ing” is avoided 

Eilenmeyer and Stem 45 conclude that all lodm action is ion action, 
that organic 10dm compounds act only as lodm is split off m the body, 
and that such substances as lodipm and sajodm, by their smaller lodm 
content, aie weak substitutes for potassium lodid They legard lodism 
as an undesirable side action of ton action Wmtermtz , 40 however, main- 
tains that it has not been shown that the action of all lodm preparations 
is due entirely to ton action, or that lodipm and sajodm must be changed 
into potassium lodid to act, and he claims that lodism is much less fre- 
quent with the iodized fats Hzs contention is undoubtedly hue, in that 
we may have other actions from iodized fats than the 10dm ton action, 
but we have no evidence that the action so produced is the action desired 
m the cases m which the diugs aie lecommended as substitutes foi 
potassium lodid 

With regard to the question of lodism, v Notthaft 47 concluded that 
the diminution m frequency of obseivation of lodism with the oiganic 
10dm preparations was always associated with other disadvantages, or 
that they had a feebler activity, and the substances either split off too 
little 10 dm, or split it off with greater difficulty 

The relation of 10dm content to thyroid activity has been known since 
Baumann 48 published his observations on the 10dm content of the gland 
Up to the present time the nature of the 10dm complex m the gland is 
not known Hunt and Seidell 49 attempted to find thyieotropic lodm 
compounds, testing them physiologically by the aceto-mtrile test The 
only 10dm compound, except that obtained fiom thyroid, shown to have 
any specific “thyroid” action was that from “bladderwrack,” and that 
was much weaker m proportion to its lodm content than the thyioid 

44 Loeb, 0 Deutseh med Wchnschr , 1911, vurvu, 1006 

45 Erlenmejer and Stem Tlierap Monatsli , 1909, win, 133 

46 Winternitz Tlierap Monntsh , 1909, Part & 

47 Von Notthaft Monatsli f prakt Dermat, Oct 15, 1910, abstr m Jour 
Am Med Assn , lvi, 6S5 

4S Baumann Ztschr f physiol Chem , 1S95, v\i, 319 

49 Hunt and Seidell Jour Pharm and Evper Tlierap , 1910, n, 15 
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substance itself All other organic compounds studied were found to be 
relatively only about as active as potassium lodid, and they ascnbe their 
action to their indirectly increasing the activity of the thyroid by mcreas-, 
mg its 10dm content V Fmth and Schwartz 50 tested the action of 
iodized egg albumin when administered intravenously and found an 
action similar to that of lodothyrm, 1 e, it produced a fall in blood- 
pi essure both before and after sectioning the vagi No other thyroid 

actn lty, however, has been shown for it 

The giving of 10dm m combination with other substances may some- 
times lead to toxic action due to the rest of the molecule This has 
aheady been pointed out for lodofoim and its substitutes Othei sub- 
stances, however, intended for use for their 10dm content have shown a 
toxicity far gi eater than that of potassium lodid Eeckhont 51 has shown 
lodival to have a hypnotic action, similar to that of bromural Loeb and 
van der Yelden 17 have shown that lodival is fatal to rabbits m doses of 
0 5 giam pei kilo weight It is obvious, therefoie, that such toxic com- 
pounds could not be used wheie the action of large amounts of lodm was 
desued Boulaire 52 tested the comparative toxicity of various lodm com- 
pounds and found the iodized fats least toxic, both as to immediate and 
late effects, while he found lothion most toxic (lodival was not tested ) 

V — CLINICAL EEPOETS 

As is to be expected, we have numerous reports of the use of various 
oigamc 10dm preparations m practically eveiy disease m which lodm or 
the lodids are recommended Many wi iters have claimed that lodism is 
lebS fiequent when an iodized fat, for example, is used m place of 
potassium lodid We find, however, that m nearly every case these sub- 
stances have been given m relatively small doses, and very few attempts 
ham been made to mciease the dose rapidly, as is often done with 
potassium lodid One leason for this is undoubtedly the almost pro- 
hibitive cost of the organic preparations, when large amounts are desired 
Many obseneis ham also shown that the stomach is less apt to be 
distill bod by the administration of oigamc compounds This is to he 
expected when substances not acted on by the gastric contents are given, 
vlien the substances are not irritating themselves In the ease of eom- 
meicial preparations containing free lodm we should not expect them 
to pass through the stomach without local effect 

Y intei mtz , 10 0 Loeb " 14 and Boiuttau 53 agree that the organic 10dm 
pieparations am not to be regarded as substitutes for the alkalm lodids 
m emu case, but that each class of compounds has its own special con- 

->0 Von I'm lh and Schnartz Pfluger’s Arch, v, 125, p 113 
HI BceMiout Arch i exper Path u Therap , 1907, l\n, 33S 
~>2 Boulmrc Compt rend Soc de biol , 1906, lvi, 303 
51 Poruttau Deutsch med Wchnschr , 1911, No 43, p 1975 
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siderations which should be taken into account m the use of any of them 
mteimtz recommends the use of lodipm m such cases as bionclnal 
asthma, aitenosclerosis (luetic endarteritis) and lead-poisoning, on 
account of its slow splitting and prolonged excretion, and states that its 
use m special eases is well founded The same eonsideiations also apply 
to the other members of the iodized fat and fatty acid group, according 
to their relative rates of absorption, and excretion We have less physio- 
logical grounds, however, foi the giving of iodized proteins 

VI — CONCLUSIONS 

From the evidence presented above as to chemical nature, absorption 
and excretion, distribution, physiologic action and clinical results, we 
may draw the following conclusions with regard to the therapeutic uses 
of the organic 10dm compounds 

1 Up to the present it has not been shown that the organic 10dm 
preparations, with the exception of preparations of thyroid, have any 
specific action in pathologic conditions, except the action of 10dm aftei 
separation from the molecule 

2 The iodized proteins seem to be of advantage for therapeutic use 
only m so far as they avoid gastric irritation The more stable com- 
pounds are apparently not entirely split m the body and are theiefore 
not well utilized, while the less stable compounds have no advantages 
over the alkaline lodids, either as to local effects, or as to rapidity of 
absorption and excretion 

3 The iodized fats and fatty acids appear to have some advantage 
when the continuous action of small amounts of 10dm is desired They 
are more slowly and evenly split, and the amount of available 10dm 
m the blood does not vary from time to time to the extent that it does 
when the alkaline lodids are administered The use of the iodized fats 
m such conditions as arteriosclerosis, bronchial asthma, lead-poisoning, 
etc , probably has some rational basis, therefore, on physiologic grounds 
These substances aie also as a rule non-irritant to the stomach 

4 The difference in fiequency of lodism is probably due to the differ- 
ence m the amount of available 10dm present m the body at any one 
time When large amounts of lod m are desired, as m cerebrospinal 
syphilis, avoiding the danger of lodism would be at the sacrifice of 
therapeutic efficiency 

5 The use of organic lodid preparations with toxic side actions, due 
to the molecule or its splitting products, should of couise be discouraged 
The products of 10dm with the higher fats and fatty acids are geneially 
free from toxic actions 
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TUB GLYCYLTRYPTOPHAN (PEPTID) SPLITTING AGENT 

IN HUMAN SALIVA ' 

FRANK SMITHIES, MD 

ROCHESTER, MI.XX 

Rather moie than a yeai since,, Warfield 1 claimed the discovery of a 
new enzyme m human saliva, “a substance which has the power to split 
glyeyltryptophaiT’ (a dipeptid). This hydrolyzing property of saliva 
v as stated as being lost when saliva is acid or when heated to 100 G 
Wai field's report liases Ins conclusions on the action on glycyltryptoph an 
of tv enty-eight specimens of saliva Of this number, saliva was alkaline 
(wheie stated) in all the positive reactions and acid m all negative 
glycyltryptoplian tests The use of tobacco, observed m seven instances, 
did not maternally alter the lesult so long as the salivas remained alkaline 
About six months after Wai field's communication, Weinstein, 2 m 
v i it mg of the “tryptophan"’ test foi carcinoma ventriculi, confirmed 
V ai field s findings Weinstein’s obsei rations are indefinitely stated The 
few expei iments actually quoted admit of dubious conclusions (vide 1 to 
»>, and A-B) In a footnote V emstem states that his colleague. Professor 
(ties, “although suggesting the pi obability of ercpiic and tryptic excretion 
In the snlixai v glands, thinks it possible also that the tiyptophan pro- 
ducing oii7^ me m mixed saliva is derived m part from the bacteria m the 
mouth, especially from caxities m carious teeth ’ 

Piomous to Wai field's icpoit, ptvalm (diastase) had been considered 
the e^oniial cnzvme m human sain a Malia c e can hardly be regarded as 
dishnetno It would seem that if human salna contain a proteolytic 
(mxiiie, new pioblems m the physiology of digestion woiild be presented. 
The observations included in this leporr were made m the endeavoi 

10 <1dor " llni ' lho PNIslcntc o£ the peptid-splittmg agent m salna, the 
nntuie oi thn ngent and the conditions under which it might be evidenced 

M cnliimited for publication Sept 0, 1912 

! ic" tie 11 won of Gn=t:o I'nicroloirv , M<no Clime 
1 VkiM.b, Rail .lobjK IlopXni- May 1911 

: ,W Am M. ,1 A^n mu h J>t i ? 20 



*522 


utc linns of internal i iedwjxe 


author's study 

Tlnee bundled. tlmty-four individuals furnished the specimens of 
sain a The} weie of both sexes and langed m age fiom IS to 74 }eais 
Three hundied eighteen specimens came fiom patients who piesented 
themselves for test-meal examination of gastne function at St Mai} s 
Hospital (Mayo Clinic) Sixteen specimens came from laboiatoi} assist- 
ants,, nurses and physicians 

Collodion of Saliva — In the test-meal eases, patients w ere fed the Ewald 
hi eakfast From ten to twenty minutes aftei they had eaten they weie furnished 
with laige test tubes, into which they spat Tliei were instructed to furnish 
sain a and not nasopharj ngeal accumulations 01 larj ngo bionclual sputum The 
collecting test-tubes had previously been boiled m distilled water, hot an dried and 
plugged with stenle cotton Saliva was collected for from forty fne minutes to 
one and one half hours following the ingestion of the test meal ” It was kept at 
100 m temperatuie m the test tubes, securely plugged, until the larious expcn 
ments to be made with it weie set up Except in special instances (vide infra) 
experiments were set up within four hours following the collection of the speci 
mens The reaction of the saliva ivas always ascertained with wet litmus at 
the time the test mixtures were made In each donoi, the teeth, gums, and oml, 
nasal and pharyngeal mucosa; w r ere inspected 

Routine Procedmo for Observation of the Pcptid Eydiolyztng Propcity of 
Saliva — For testing the cleavage powei of the specimens, the dipeptid 
glycyltryptophan, was chosen The preparation made under the direction of 
Neubauer and Fischei was used (Manufactured bv Ixalle A Co, Biebnch am 
Rhein, and secured through Noyes Bros <L Cutler, St Paul, Minn ) This was 
obtained in small bottles and preserved under an ample lmer of toluol To guild 
against the crystallization out of the gljcj ltij ptoplian from solution, and the 
consequent doubtfulness of the lesults, the preparation was kept in a thermostat 
at 37 C 

The tests weie, m geneial, set up as follows Into each of a senes of stenle 
test-tubes (those measuring 10 cm by 14 mm weie found to answei aen well) 
were poured, respectively, 0 3 cc of the glj cyltryptoplian solution, 3 cc of 
saliva and 0 5 cc of toluol Stenle pipets were used in measuring the quantities 
In ench senes controls were set up consisting of (a) 0 3 cc gljcjltijptoplmn 
solution -f 3 cc sterile distilled w r atei -j- 05 cc toluol, and (b) 3 cc salna 
+ 0 5 c c toluol The tubes were inverted several times to secure complete mixture 
of the ingredients They were then placed in a thermostat at 37 C for twentj- 
four hours From each tube w r as next tiansferred to each of a set of small test 
tubes, 2 c c of the mixture below the toluol lajer To each tube was then added 
0 2 cc of a 3 per cent glacial acetic acid m distilled water solution The tubes 
were shaken vigorously Test for free tryptophan was then made Broinin vapor 
was allowed to flow into each test tube until tin) g^ass above its contents showed 
strong amber The tubes were next shaken and note made of am color change 
occurring in the mixture The piesence of trjptoplmn was considered proven 
when the liquid took on lilac, lose pink, purple or magenta hues The coloi 
changes were observed by dav light against a white background (filter paper) 

By this procedure, small amounts of free amino acid (tryptophan) are readih 
detected Questionable reactions were usuallj due to the presence of verv small 
amounts of tryptophan, dirty salna, excess of bromin (as when bronun wafer 
is used instead of bromin sapor) or poor light 

1 The Presence of Pcpiul-Sphliwg Agcnf vi Whole Salna — In t hi* 
scries of tests a portion of salna free from food particles, blood or naso- 
pharyngeal mucus was examined first for free fnpfophan Reference to 
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Table 1 shows that of 334 specimens of salira, bui tliiee showed fiee 
atmno-acid before the dipeptid glycyltiyptophan had been added oi the 
specimens had been incubated All three positive tests weie letumed by 
duty saliva from individuals with p)onhea ah eolaris and many decayed 
teeth One mdindual had enlaiged tonsils w ith lagged crypts filled w ith 
cieamy exudate Of the three positive trjptophan tests, two occuned m 
\eiy acid saliva and one m neutial saliva (case with foul tonsils) 

In this same series portions of the sain a (334 specimens) were incu- 
bated with glyc)ltiyptophan undei toluol foi tw r enty-foui houis, as 
de c cnbcd above, and at the end of the incubation penod weie tested for 
fice tiyplophan Table 1 shows the results 

It will be noted that liiespectne of the reaction of the dilfcient 
specimens, 314, or 941 pei cent, manifested some degiec of h)diol)tio 
powei foi glycyltiyptophan Tw'enty, oi 5 9 pei cent, weie negative, 
nrespcctne of leaction of the saliva We shall comment on the signifi- 
cance of leaction below It, how T evei, seems proper here to call atteniion 
io fhe facts that of 334 specimens, 148 were neutral to w r et litmus, and 
that of this number 139 (93 9 pei cent ) repealed fiee tryptophan after 
incubation Acid reaction rvas shown by 1G3 specimens Of these, 156 
(95 7 pei cent ) w'eie capable of splitting glycjdtiyptophan Of the 
twenty-thi cc distinctly alkaline salivas, nineteen (S2 6 per cent ) showed 
fiee tiyptophan after incubation with the test dipeptid In Mew of the 
difficult) in accuiately deteiminmg shades of difference m leaction 
between the neutial and alkaline sain as with litmus, we may fanly gioup 
the results fiom such specimens, in othei w r oids, of 171 specimens 
(neutial and alkaline) 154 (90 -f- pei cent) weie able to hydiol)7e 
gl)C)lti)ptophan with lcsultant detectable amounts of free ammo-acid 
Warfields tabulation of twenty-eight specimens of saliva shows that 
m lus c enes thirteen were from lirdmduals affected with some form of 
gastio-inte^tinal anomalr while the remainder rvere from subjects m 
good health In twenty-fire specimens (S9 3~p per cent ) he obtained 
clear age of gl)crltryptophan (bronrin water test) He states that all 
po^itire leactions were from individuals with alkaline saliras We are 
unable to account altogether foi the discrepancv between Ins figure^ 
and our 1 : 
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groups the preponderen.ce of the reactions fall m grades -f -f- and 
+ + + Twenty-sis (7 5 per cent ) of the salivas in our series came 
from individuals with artificial teeth Of this number 15 -j- pei cent of 
the salivas did not split glycyltryptophan These were from clean mouths 
in three instances and from a dirty mouth m a fourth In this group 
(artificial teeth), thirteen (50 pei cent) of the salivas showed very 
strong cleavage power In the majority of these, both aitificial teeth and 
patients’ mouths were very dirty 


TABLE 3 — The Relation of the Condition of the Teeth to Peptid Splitting 

Power of Salii a 


No of 
Specimens 

Teeth — State 

0 

Reaction * 

+ ++ 

d — 1 — h 

84 

Good 

10 

35 

27 

12 

50 

Fair 

6 

13 

17 

14 

88 

Poor 

0 

18 

28 

42 

86 

Very poor 

0 

21 

IS 

47 

26 

Artificial 

4 

4 

5 

13 


^Degree of reaction Lilac = -j-, rose-pink = + + , lose pniple = +++ 

(b) Gums Of 334 individuals, 201 (60 -f- per cent ) showed erosions 
at the teeth-gum margins, or definite pyorrhea alveolans Of this 
numbei, the saliva was acid m 149 instances (741 per cent) These 
specimens split gly eyltryptophan m 189 instances (94 3 per cent ) 

(c) Tonsils and Nasopharynx Salivas were collected from 192 
pei sons m which these parts were inspected In fifty-three instances 
(27 5 pei cent ) there was evidence of tonsillar disease (enlargements, 
civpts, exudate, erosion) In thirty-eight instances (19 7 pei cent ) 
there were evidences of nasopharyngeal inflammation In six instances 
(3 1 per cent ) there were ulcerative conditions of the oral mucosa, apart 
from adenoid hypertrophy or pyorrhea 

Of the 192 mdmduals whose tonsils, oral mucosa, etc, were exam- 
ined, seventy-thi ee (38 -f- per cent ) revealed some abnormality Of this 
numbei forty-tv o (57 5 pei cent ) had acid salivas and thirty-one (42 4 
per cent ) of these salivas split glycyltryptophan after incubation for 
twenty-four houis at 37 C 

(d) The Use of Tobacco Of the 334 specimens of salrva examined 
209 came from males In 140 instances data weie obtained regarding 
the use of tobacco Seventy -eight smoked oi chewed tobacco, or both 
Three of these also used snuff Saliva from these seventy-eight mdnid- 
uals split gljciltryptophan m sixty-nme instances (S9 8 per cent ), irre- 
spective of its leaction to litmus Twenty -the donors chewed tobacco 
but did not smoke legularly Eleven of these had acid sain as Twenty - 
two ‘ eheweis donated salivas which *plit glycyltryptophan m fifteen 
instances (68 1 per cent ) 
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(e) The Effect of Mouth-Washes A water solution of alphozone of 
0 4 per cent strength was used vigorously as a mouth- and teeth-wash m 
fifty-two instances The subjects were dnected to hold the solution m 
then mouths for several minutes, to force it back and forth between their 
teeth and about the alveolar spaces, and to gargle a portion The mouth 
was then rinsed with warm normal salt solution Saliva was then 
collected for forty-five minutes From the fifty-two donors saliva was 
alkaline or neutral m thirty-eight instances (73 per cent ) and acid m 
fourteen instances (26 9 per cent ) From this group of fifty-two speci- 
mens cleavage of glyeyltryptophan occurred but seventeen times (32 7 
pei‘ cent ) With respect to degree of cleavage, the reaction was m no 
instance beyond -f- -f- 

The results obtained after the use of the strong alphozone solution as 
a mouth-wash led us to test the effects of it and like solutions on saliva 
directly, and to expenment with mouth and throat cultures of bacteria 
5 Consideiahon of the Effect of Temperatme on the Peptid- 
Sphthng Power of Saliva — Boiling A portion of saliva from each of 
302 specimens combining all reactions was immersed m a plugged sterile 
test-tube m water and kept boiling for thirty minutes, glyeyltryptophan 
solution was added after the saliva had been cooled, and the mixtuie was 
then placed under toluol m the thermostat for twenty-four hours Test 
for tiyptophan was then made m the usual manner In none of the 
boiled specimens could free ammo-acid be detected 

Boom Tempeiatwe Portions of 160 specimens of saliva were mixed 
with glyeyltryptophan and left undei toluol for fiom twelve to 120 horns, 
at loom tempeiature (about 75 to 80 F ) Table 4 summarizes the result 

TABLE 4 — The Cleavage Power of Saliva at Room Temperature 

No of No of Specimens 

Speci- Reaction -}- Reaction ( Cleavage ) after Hours Showing 


mens 


12 

24 

36 

48 

72 

96 

120 

•No Cleavage 

CG 

Acid 

3 

7 

29 

16 

5 

4 

0 

2 

S2 

Neutral 

G 

30 

26 

7 

9 

0 

0 

4 

12 

Alkaline 

o 

S 

0 

1 

0 

0 

0 

1 

1G0 


11 

45 

55 

24 

14 

4 

0 

7 


Briefly, it is seen that n respective of the reaction of saliva, cleavage 
of the dipeptid occurs m the majority of instances between twenty-four 
and thirty-six houis after admixture, that m a few instances cleavage 
may hate taken place within twelve hours or may be delayed ninety-six 
hours oi no free ammo-acid may be detected at the end of 120 hours 
(sei en instances) , that neutral and alkaline salivas split glycyltryp- 
tophan somewhat more rapidly than do acid salivas at room temperature 
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Ice-Box Tempeiatme Thnty-five specimens of whole saliva of the 
several reactions were mixed with glycyltryptoplian under toluol and kept 
on ice Portions tested within twenty-foui to 522 hours showed m no 
instance hydrolyzation of the dipeptid Of these thirty-five specimens, 
after being on ice over 522 houis, twenty-nine were placed m the thei- 
mostat at 37 C , and twenty-six showed free tryptophan after eighteen 
hours 

Graded Tempeiatuies Specimens of saliva weie vanously heated m 
plugged sterile test-tubes, cooled m running water, combined with glycyl- 
tryptophan solution and placed m a thermostat under toluol for twenty- 
four hours This mixture, acidulated, was then tested for fiee ammo- 
acid Table 5 shows the results 



It is seen that, n respective of the leaction of the saliva, of seventy- 
one specimens examined, theie is uniform cleavage up to 60 C Between 
60 and 75 C , there is rapid diminution m peptid-sphttmg powei, varying 
with leaction somewhat (neutral saliva being most resistant to increased 
heat) We never had any specimen show cleavage of glycyltryptoplian 
after it had been heated above 75 C The vanations m splitting pouei 
of the specimens with different reactions vould appear to be somewhat 
dependent on such reaction although theie may be other factois (thick, 
clumpy, or dirty saliva) 

6 Effect of Chemical Solutions on the Peptid-SpliUing Pouci of 
Salna In these experiments the following solutions v ere used 

1 Phenol (carbolic acid) in water, 2 per cent 

2 Biclilond of mercury in 'water, 1 per cent 

3 Alphozone m a\ ater, 0 1 per cent , 0 2 per cent , 0 3 per cent , 

04 per cent 

4 Antiformm (commercial solution) 

5 Absolute alcohol 

G Acetic acid, glacial 

7 Chloroform 

S Ternc chlorid solution, o per cent 

Procedure — Aftei specimens of salna had been tested for fiee ammo- 
acid and found negatne, equal portions vere respectively combined vith 
ghmltryptophan solution plus 1 c c of the solution of the chemical com- 
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bmation under consideration Controls of portions of saliva without 
glycyltryptophan solution and also of the glycyltryptophan solution itself 
were set up The tubes were then incubated under toluol for twenty-four 
hours, when they were made acid (if not already acid) with 3 per cent 
acetic acid solution and tested foi free tryptophan m the usual manner 
Table 6 shows the experiments and results m detail 


TABLE G — The Influence of Chemical Action on Peptid-Splitting Power 

of Saliva 




i 


i 

cd 

— 


C 

ontrols - 



No of 
Senes 

No of 
Speci- 
mens 

n 

Combination 

Tested 'o 

o 

in 

a 

> 

SO 

OJ 

^ m 
tw Cl 

O > 

r-* 

Glycyltryp- 
tophan 
-J- Saliva 

Glycyltryp 

toplian 

alone 

Saliva 

alone 





o ■+* 

% 

Pos 

Neg 

Pos Neg 

Pos 

Neg. 

1 

25 

2% plienol + saliva 










and glycyltryptophan 

0 

25 

23 

2 

0 

25 

0 

25 

o 

25 

1% mei curie chlond 











+ saliva -{- glyeyl- 
tryptoplian 

0 

25 

25 

0 

0 

25 

0 

25 

3 

25 

Antif oi mm + saliva 











-f glycyltryptophan 

0 

25 

21 

4 

0 

25 

0 

25 

4 

25 

Glacial acetic acid -f- 











saliva + gljeyltryp- 
tophan 

0 

25 

23 

2 

0 

25 

1 

24 

5 

25 

Chloroform -j- saliva 











+ glycyltiyptophan 

0 

25 

24 

1 

0 

25 

0 

25 

6 

25 

5% ferric chlorid -f- 











saliva + glycyltryp- 
tophan 

3 

22 

24 

1 

0 

25 

0 

25 

7 

80 

Absolute alcohol -j- 











saliva + glycyltryp- 
tophan 

0 

80 

74 

6 

0 

80 

0 

80 

S 

50 

0 1% alphozone + 











saliva -f glycyltiyp- 
tophan 

32 

18 

40 

4 

0 

50 

0 

50 


50 

0 2% alphozone -f- 











saliva + glycyltryp- 
tophan 

24 

26 

4G 

4 

0 

50 

O 

50 


50 

0 3% alphozone -f- 











saliva + glycyltryp- 
tophan 

11 

39 

4G 

4 

0 

50 

0 

50 


50 

0 4% alphozone -j- 











sahva + glycyltryp- 
tophan 

0 

50 

46 

4 

0 

50 

0 

50 


It will be obsened that solutions of 2 pel cent phenol, 1 per cent 
HgCL, antiformm, glacial acetic acid, chloioform and absolute alcohol 
and 0 4 per cent alphozone absolutely inhibit the peptid-splittmg agent 
m human saliva A 5 per cent solution of feme chlorid prevented 
cleavage m 88 per cent of specimens 

Brief attention may be called to the action of the alphozone solutions 
After wo had conducted the experiments on salivas from individuals who 
had used alphozone solution as a mouth-wasli, we carried out a few tests 
(not included m the series of Table 6) in which we used a 0 1 pei cent 
solution of alphozone combined with saliva We found that several of 
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the thick tenacious 01 dirty salivas retained good cleavage power foi 
glyeyltryptophan even after so powerful an organic peioxid as alphozone 
had been added When the experiments for Table 6 were set up, various 
strengths of alphozone were added m the attempt to discover the limit 
at which cleavage of the dipeptid was possible with this admixtuie It 
is seen by Table 6 that only solutions so powerful as 0 4 per cent alpho- 
zone uniformly inhibit the peptid-splittmg powei of whole salrsa and 
that diminution in strength of solution results m piopoitionate increase 
m the number of salivas which retain that power 

With exception of the alphozone and ehlorofoim additions to saliva- 
glycyltryptophan mixtures m our series theie weie always various grades 
oi precipitation in the combinations when the numerous test solutions 
weie added. It would seem that this fact might senously mteifeie with 
the action of the peptid cleaving agent m saliva, if that agent be an 
enzyme Precipitation may not, however, be the only factor Chloro- 
foim and alphozone admixtures produce no marked precipitation m 
sab va-glycylti yp tophan solutions Chloroform absolutely inhibited cleav- 
age m our experiments Alphozone solutions only inhibited cleavage of 
the dipeptid above 0 3 per cent strength In addition to the question of 
increase in alkalinity in alphozone-saliva mixtures, as the peicentage of 
alphozone increases m such solutions one must also consider the lmpoi- 
tance of alphozone as a germicide Inasmuch as m our experiments 
alphozone was the only chemical agent added to saliva, which did not 
cause piecipitation of protein, and yet did not invariably inhibit cleavage, 
its results only can be used to indicate a line of demarcation respecting 
a factor, at least, m explanation of how saliva splits glyeyltryptophan 
It is well known that chemicals that precipitate protein in enzyme- 
containing solutions, also inhibit the feiment action of those solutions 
Inhibition of the peptid-splittmg agent m saliva by such chemical solu- 
tions as phenol, mei curie chlorid, antiformm, alcohol and the like, leaies 
us m doubt as to whether or not such agent was rendered inert by pre- 
cipitation of an enzyme with protein m saliva or cleavage power vas lost 
by bactericidal action of these strong germicides, or both Ferric ehlond 
solutions which precipitate protein m saliva are not very strongly germi- 
cidal, apart from mechanical action In SS per cent of specimens 
cleavage of glycj ltryptophan was inhibited by 5 pei cent feme ehlond 
solution 

7 Effect of Bacteria on Cleavage of Ghjcijltrgptophan 

.1 Sahia -J- Bacteria — Cultures from twenty seven specimens of sains were 
•made in (n) bouillon, on (b) nutrient agar nnd on (c) blood serum agar Ibe'e 
were allow cd to remain three dnjs m the water bath at 37 C In reaction the 
salnnc from which cultures were made were alkaline, three, neutral, fifteen nnd 
acid 1 

Table 7 details regarding sali\a=, organisms returned bj culture 3 etc At 
the "lid of the incubation period, experiments were 'et up as follow « 




TABLE 7- 

-Eitect oe 

Bacteria on Cleavage op Gltcvltrtptophan 

Results 


Series Patient’s Reaction 
No Number of Saliva 

Teetli 

Organisms m 

Cultures 

Series a 
Pos N eg 

Series b 

Pos N eg 

Remarks 

1 . 

47285 

Alkaline 

Good 

Streptococci, stapliy- 
locci diplococci, 

short bacilli 

+ 

0 

0 

4~ 


2 

67218 

Alkaline 

Good 

Cocci, lance-sliaped 
bacilli 

0 

+ 

0 

4- 

Adenoids 

3 

67232 

Alkaline 

False 

Cocci, diplococci, spi- 
i iliac 

+ + 

0 

0 

4* 


4 

66886 

Neutial 

False 

Diplococci, strepto- 
cocci, short rods 

+ 

0 

0 

4~ 


5 

969C 

Neutral 

Good 

Cocci and short bacilli 

Tr 

0 

0 

4~ 

Pyorrhea 

6 

67244 

Neutral 

Fair 

Cocci, rods and spi- 
nllae 

Ti 

0 

0 

-f 

Diseased ton- 
sils 

7 

67292 

Neutral 

Good 

Staphylococci and 

streptococci lance- 
shaped bacilli 

+ 

0 

0 

4~ 

8 

67285 

Neutral 

Poor 

Cercomonas m fresh 
specimen, cocci, spi- 
nllae and rods 

+ + 

0 

0 

4* 

Pyorrhea 4'4- 

9 

67328 

Neutral 

Good 

Diplobacilli, diplo- 

cocci, staphylococci 

0 

+ 

0 

+ 

Pyorrhea 

10 

67352 

Neutial 

Good 

Streptococci and 

staphylococci, few 
bacilli 

4~ 

0 

0 

4- 

Dirty teeth 

11 

67338 

Neutial 

Fair 

Micrococcus, strepto- 
cocci, staphylococci 

+ 

0 

0 

+ 

12 

6736S 

Neutral 

Good 

Cocci, lance - shaped 
bacilli 

i 

0 

0 

4* 

Pyorrhea 4* 

13 

6733G 

Neutral 

Good 

Short rods, cocci, spi- 
rilla* 

+ 

0 

0 

4- 

14 

67342 

Neutial 

Fair 

Cocci, diplobacilli, 

leptothrix 

Ti 

0 

0 

4- 

Large tonsils 

15 

67313 

Neuti al 

Good 

Micrococci, strepto- 
cocci, staphylococci, 
short bacilli 

+ 

0 

0 

4- 

Many carious 
teeth 

16 

28954 

Neutral 

Pooi 

Spmllce m fresh 
bacilli, diplococci, 
and streptococci 

+ + 

0 

0 

4* 

17 

67404 

Neutral 

Fair 

Bacilli and cocci 

+ 

0 

0 

+ 

Several cavi- 
ties, pyorrhea 

IS 

67365 

Neuti al 

Good 

Staphylococci, diplo- 
bacilh 

’ll 

0 

0 

4- 

Cavities m 
teeth 

19 

67206 

Acid* 

Poor 

Diplococeus, strepto- 
and staphylococci, 
bacilli 

44- 

0 

0 

+ 

20 

67213 

Acid 

Good 

Streptococci, staphy- 
lococci, lance shaped 
rods 

Tr 

0 

0 

+ 


21 

51204 

Acid 

Fair 

Micrococci, strepto- 
cocci, rods 

+ 

0 

0 

4- 


22 

67295 

Acid 

Fair 

Staphylococci, stiep- 
tococci, diplobacilli 

+ 

0 

0 

+ 

Carious teeth 

23 

5731S 

Acul 

Poor 

Stieptococci, staphy- 
lococci, bacilli, spi- 
rilla; 

j — j- 

0 

0 

+ 

24 

07332 

Acid 

Verv 

Poor 

Stapln lococei, strep- 
tococci short bacilli, 
diplococci, 1 e p t o 
thri\ 

+ 

0 

0 

4- 

Many stump* 
and teeth with 
cavities 

25 

C72GS 

Acid 

Good 

Cocci diplobacilli 

Tr 

0 

0 

4- 


26 

67431 

Acid 

Good 

Cocci diplobacilli 

Tr 

0 

0 

a- 

i 

+ 


27 

67371 

Acid 

False 

Cocci, *liort and long 
rods 

0 

+ 

0 
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Portions of salivas collected dm mg the three days that the cultures weie 
gi owing and which had been shown to be capable of splitting glycyltryptophan, 
11 ere heated at 100 C in a water bath for one hour The specimens were then 
cooled in running water and made neutial with N/10 sodium caibonate Two 
series were then made from the specimen (a) Saliva -f- glycyltryptophan solu- 
tion + emulsions of bacteria from each set of cultures from salna (b) Sain a 
4* glycyltryptophan -f- toluol ( Conti ols ) The sets were then thoroughly mixed 
and incubated forty hours at 37 C Portions of mixtures were then acidulated 
and tested in the usual way foi free triptophan Table 7 show’s the results 

It is seen that twenty-three out of twenty-set en salivas which had 
been rendered incapable of splitting glycyltryptophan by heating to 100 
C are capable of shoving some evidences of cleavage pow r er after being 
mixed with bacteria grown from specimens of saliva In none of the 
controls was cleavage power exhibited In sixteen out of the twenty- 
seven sets, fiee tryptophan was leadily recognized on the addition of 
bromm vapor In seten instances there was bnt a trace of fiee trypto- 
phan In one instance the result was questionable In three expenments 
(11 1 pei cent ) no free tiyptophan could be detected The leaction 
of salivas from which cultures were made appealed to have no gieat 
bearing on the results Veiy uch floia m such salivas appeared to 
determine largely the degiee of leaction Rich flora weie fiequently 
piesent from salivas v hose donois had very poor teeth or marked pyor- 
rhea, but this was not constant Nasopharyngeal conditions appeared to 
have hearing on quantity and vanety of bacteria present m salivas 

Except as m Table 7, we have made no attempt to determine the exact 
oigamsms appearing to have some influence on cleavage of glj cyltr, p- 
tophan, apart from noting the groups returned by cultures from each of 
the twent) -seven specimens of saliva examined It would seem from the 
eonsideiations of these groups that simbiosis of the organisms appeared 
to be i esponsible for certain ereptic power on glycyltryptophan 

B Direct Effect of Cultures of Bactcua from Saliva Upon Olycylti yptophan 
Tiansplmts from the cultures from the tw’entv seen specimens of sifliwi men- 
tioned abo\e (A) were made on fifty-four tubes of nutrient agar These weie 
incubated at 37 C for foita eight hours Growths resulted m all instances, the 
oigamsms being streptococci, staplia lococei, micrococci, bacilli of \arving lengths, 
diploeocci and a few leptotlmx 

lo one half (twenta se'en) of tlie tubes was then added 0 5 cc ghc^llnp 
toplnn solution in 5 c c warm noimal salt solution To the remaining tubes 5 cc 
noi mnl '•aiuie solution alone were added The tubes were incubated tlnrta six 
hour= At the end of incubation, the fluid from each tube was drawn off and after 
acululation each specimen was tested for free tryptophan by bromin \apor Table 
7 gnes details regarding the oigamsms 

Result — In none of the fluids from culture tubes to which normal salt 
solution alone had been added was free tryptophan shown Twentj-one 
(77 7 A- p Gr C ont) of the twenty-set en fluids from cultures wheie the 
gl) et lira ptophnn-salt solution had been added showed free tryptophan 
The color changes ranged from pale lilac to ucli rose pink 
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SUarMAEY 

Fiom the woik outlined m this lepoit the following seems apparent 

1. Eeaction appears to have little bearing on power of saliva to split 
glyeyltryptophan 

2 Eiee tryptophan is occasionally met with m salivas from dirty or 
infected oial cavities 

3 Centrifugalization of saliva lessens its power to cleave glycyltryp- 
tophan This is rather more marked m alkaline or neutral salivas 

4 Conditions of health and state of oral cavities of donors seem to 
affect leaetion of saliva, with some apparent influence on the peptid 
hydrolyzing power of such saliva 

5 Power to hydrolyze glycyltiyptophan is lost when saliva is heated 
above 75 C The optimum temperature foi cleavage is about 37 C At 
ice-box temperature cleavage is not carried on, but specimens kept at 
such temperature foi as long as 522 hours, may hydrolyze the dipeptid 
when incubated subsequently at 37 C At loom temperature, cleavage is 
delayed, but is nevertheless carried on, apparently irrespective of the 
leaetion of saliva 

6 The chewing of tobacco seems to lessen the power of certain salivas 
to hydiolyze glyeyltryptophan Smoking of tobacco appears to have little 
effect 

7 The use of strong mouth- washes (e g, an organic peroxid, as 
alph ozone 1 lesults m marked diminution of peptid-splittmg power of 
ceitam salivas 

8 Stiong chemical action on saliva, particulaily when the addition 
of such chemicals causes precipitation of piotem, inhibits its glycyltryp- 
tophan splitting powei Many such chemical solutions tested m this 
lepoit weie germicides 

Non-protein precipitating geimicides (as the organic peroxid gioup) 
inhibit the peptid-splittmg power of saliva roughly m direct proportion 
to stiengfcli of such solutions 

9 Cultuies of bacteria giown fiom salivas, may, after salivas have 
lost their powei to split glyeyltryptophan (by heating to 100 C ) cause 
such salivas to split that dipeptid by admixture with salivas and sub- 
sequent incubation 

10 Solutions of glyeyltryptophan added dnectly to cultures of 
bactena grown fiom saliva are readily split with liberation of free 
tryptophan 

11 The indefinite nature of any enzyme renders its actual demonstra- 
tion difficult 'Wlnle the agent m sain a causing cleavage of the dipeptid 
gly c 3 1 ti yptoph an has ceitam characteristics of an enzyme, it would seem 
that a not inconsiderable factor m such cleavage power is the action of 
noimal oi pathologic oial microorganisms, or pioducts of then growth 
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A CONTRIBUTION' TO THE SYMPTOMATOLOGY OE 
THROMBOPHLEBITIS IN TYPHOID 

LEWIS A CONNER, 3\I D 

XLW TORK 

Eveiyone who sees any eonsidei able numbei of typhoid fet er cases 
3 eax aftei year must have been struck with the fact that, while most of 
these run a fanly typical and uneventful couise, theie is a v ery eonsidei - 
able group of cases m which the latter pait of the couise, or the penod 
of convalescence, is marked by a number of obscure and appaientl 3 r 
unielated s 3 r mptoms and complications If one takes the trouble to lead 
ovei a laige number of case histories and chaits of t 3 r phoid this fact is 
brought out even more clearly and forcibly, for many of these incidents 
aie so transient and apparently insignificant that they fail to make much 
impression and aie readily foi gotten 

These symptoms include various foims of megulai febnle movement, 
sudden pulmonary and pleural S3 r mptoms, sudden and unaccountable 
abdominal symptoms , lepeated chills, without obvious cause, pain, dis- 
comfort and stiffness m the legs 01 aims, pain m the heel, tenderness of 
the toes, etc In some, but by no means in all, of these cases, frank signs 
of tlnombophlebitis 1 appeal at some time m the course of the illness 

It is my purpose m the piesent papei to attempt to show that mnn 3 
or most of these obscuie late intei ruptions of the noimal course of 
typhoid have a common undei lying cause and that this cause is thrombo- 
phlebitis 

Before eonsidei mg the individual symptoms it will be necessai 3 r to 
call attention to ceitam facts concerning phlebitis itself as it is seen m 
ty plioid fevei 

Tin ombophlchitis piohahly a much moie ficqucnt complication than 
is commonly supposed In most writings on the subject the incidence 
of this complication of typhoid is placed at about 2 per cent In 829 cases 
studied by Osier 2 the percentage was 1 9 In Thayer's analysis 3 of 1,463 

’Manuscript submitted for publication Aug 20, 1912 

’From the Medical Sen ice of the New York Hosiptal 

1 In the present article the terms thrombosis and phlebitis are used inler- 
cliangably and without distinction to denote the whole process included in the 
longer term thrombophlebitis, and no attempt is made to settle the still uncertain 
and much discussed question ns to whether the formation of the thrombus or the 
inflammation of the vein wall is the primarr process The weight of evidence 
at present, however, seems to favor the view that thrombosis occurs first 

2 O-ler Studies in Tvphoid rover Johns ITopkms Jlo c p Rep, vin, p J 
ct c ec 
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cases \ enous thiombosis occurred m 2 6 pei cent My own belief is 
that these figuies do not begin to repiesent the actual frequency of this 
complication Among 1,540 cases of typhoid treated m the New Toik 
Hospital between 1898 and 1912 there were seventy-eight instances of 
undoubted venous thrombosis (5 per cent ) If to this number be added 
the cases m which no thiombosis was lecogmzed but which presented 
othei symptoms that, as I hope to show, are usually indicative of the 
existence of a latent thrombosis, the peieentage is increased to 8 or 9 
Da Costa 1 repoits that, m a series of 135 soldiers treated for typhoid m 
the Pennsylvania Hospital during the Spanish American war, the com- 
plication of milk-leg occurred sixteen times, or m nearly 12 per cent 
Vincent, m a group of cases studied by him, found the complication of 
phlebitis m 8 23 pei cent 

It is my conviction that the furtliei study of this complication in its 
vanous phases, and especially the moie prompt recognition of its nnldei 
and less chaiaetenstic manifestations, will show that venous thrombosis 
occuis m from 10 to 15 per cent of all cases of typhoid fever 

The development of thrombophlebitis is gradual , and its classical 
symptoms appeal only late in the process The recent beautiful his- 
tological studies of Aschoff 0 show that the formation of the primal y 
white thrombus is due to the gradual deposit, layer on layer, of blood 
platelets, while the blood is still flowing m the affected vein, m a mannei 
somewhat comparable to the formation of a bar by the gradual deposit 
of slit m a flowing stream The complete occlusion of the vein is a late 
phase of this process The symptoms by which thrombophlebitis is 
oidinanly lecogmzed — edema, pam, tenderness and periphlebitic indura- 
tion — aie seen usually only aftei such occlusion has occuried, for not 
until then do the signs of mflamation of the vem wall, and especially of 
the sunoundmg tissue, become pronounced Up to that time the process 
of thiombosis either runs a latent course or manifests itself by symptoms 
c o mild oi so little characteristic that they are apt to be overlooked oi 
m wundei stood 

Vaquez, 7 m Ins admirable study of phlebitis, lays stress on the fact 
that this piocess need not result m complete occlusion of the lumen of 
the \em, and adds that "to wait until there is a total obliteration before 
saving that, clinically and anatomically, there is a phlegmasia alba dolens 

« 

3 Timer An Analysis of 42 Cases of Venous Thrombosis Occurring m the 
Com se of Typhoid Feier Med News, 1904, Ixxxv, 637 

4 Da Costa An Unusual Percentage of Cases of Milk Leg Following Typhoid 

Feier Internnt Med Mag 1S99, vm, 4 ° ^ 

o Vincent BactCnologie des phlSbites dans la fifevre typhoide Semame med 
1S95, \r 377 ’ 

0 Aschoff et al Beitruge zur Thrombosefrage Leipzig 1912 

< 1 aquez De H phlCbite Clin med de la Charitd, 1894, p 751 
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is an enoi analagous to that made by waiting for the existence of pul- 
monary cavities m order to diagnosticate tuberculosis ” 

That extensive thrombosis of the veins of the extremities may develop 
without giving recognizable symptoms has often been demonstrated by 
the post mortem examination of patients dying of pulmonary embolism 
The obstetrical, gynecological and surgical literatures abound with such 
instances Vaquez , 7 m discussing the phlegmasia alba dolens uluch 
declares itself during the convalescence of typhoid, insists that the pro- 
cess itself often begins insidiously and latently long before the symptoms 
appear In support of this statement it would be easy to cite manj 
instances from among the typhoid cases included m this study, if space 
permitted 

The thiombotic piocess m typhoid tends to be much moie extensive 
and widely disseminated than the symptoms would seem to indicate 
One of the points brought out clearly m the piesent study is that the 
thiombosis is usually widely scattered and extensive even when the fianlc 
symptoms of the trouble may be quite cncumscnbed Tor example, there 
may be slight pam, or musculai soreness, or points of tenderness m both 
calves and feet and then, some days or weeks later, distinct signs of 
phlebitis — i e , marked tenderness and periphlebitic induration — only 
over a small area of. one femoral vein In other cases there will be frank 
signs of phlebitis only m one leg or tlngh, and yet, some weeks later, 
after patient has been permitted to get up there will be marked edema 
of both legs Hot so very infrequently, m addition to phlebitis of the leg 
veins, there will be pam and more or less tenderness of one or the other 
aim In one woman there was, m addition to phlebitis in both legs, 
distinct involvement of the veins of first one and then the other breast 
Occasionally the process will seem to be confined chiefly to the small, 
superficial veins and will show a tendency to migrate from spot to spot 
over the legs, buttocks and lower part of the trunk 

THE PULMONARY COMPLICATIONS Or THROMBOPHLEBITIS 

Although it is well known that pulmonarj embolism is an occasional 
complication of venous thrombosis,, attention has been centered chief!} on 
the large, fatal emboli which, while fortunately rare, are yet so dramatic 
m their occurrence and so tragic in their results as to leave a deep impres- 
sion when they do occur Such emboli usually result from the separation 
of a fragment from a thrombus occupying, and occluding, some large vein 
such as the femoral or iliac They therefore are apt to occur late m the 
course of the phlebitic process But there is another and much commoner 
t}pe of pulmonary embolism which differs radical!} from that just 
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ref ei led to m its time of occunence, clinical comse and prognosis, and 
which has received far less attention than it deserves 

As a result of some personal experiences with this latter type I pub- 
lished lecently a short paper 8 calling attention to the comparatively 
frequent appearance of small pulmonary emboli m the course of venous 
tlnombosis and especially to the fact that such emboli in many cases 
make their appearance a numbei of days, or even two or three weeks, 
befoie any signs of thrombophlebitis can be detected In seven of the 
nine cases reported the thrombosis had occurred m the course of typhoid 
feter It seemed to me, therefore, that it might be instructive to go ovei 
the recoids of a large number of cases of typhoid with a view to ascertain- 
ing, first, what propoition of these cases complicated by phlebitis showed 
evidences of such pulmonary embolism, and, second, what proportion of 
the pulmonaiy and pleural complications of typhoid could reasonably be 
asenbed to pulmonary embolism and infarction With these points m 
mind the records of all cases of typhoid treated m the New York Hospital 
between 1898 and 1912 m which the complications of phlebitis, pneumo- 
nia or pleunsy were recognized have been carefully analysed, and the 
lesults of this analysis foim the basis of this paper 

Among the 1,540 cases of typhoid there were eighty-eight with pul- 
monaiy or pleuial complications, exclusive of bronchitis Among the 
eighty-eight cases theie were twenty-five (28 per cent ) m which the 
thoracic complications were almost certainly not of embolic nature 
(These twenty-five cases formed a group having a strikingly uniform and 
sharply defined clinical picture Almost without exception the pul- 
monary symptoms appeared early m the disease and began as a severe 
general bronchitis This grew progressively worse and sooner or later 
resulted m bronchopneumonia, which was usually double and which 
usually involved the greater part of both lower lobes Seventeen of these 
cases terminated fatally ) 

There were eight cases (9 pei cent ) complicated by phlebitis which 
showed, at some time, pulmonary symptoms, but these symptoms were 
eithei not sufficiently characteristic or the records not sufficiently com- 
plete to warrant then being included among the cases of pulmonary 
embolism Some of these cases, however, were almost certainly of this 
nature 

Theie weie, further, twenty-six cases (30 pei cent ) m which the 
chaiacter of the thoracic symptoms made it seem very probable indeed 
that they v ere instances of pulmonary embolism but in which the records 
funnelled no othei endence of thrombophlebitis Tin ally there were 
tu enty-mne cases (33 pei cent ) m which there weie frank signs of 

S Conner L A Pulmonarv Symptoms ns Premonitory Signs of Venous 
thrombosis Med Pee 2sew York, April 29, 1911 
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phlebitis and m which the pulmonaiy or plemal sj mptoms could be 
assumed with leasonable certamty to be due to embolism and mfaiction 
Among these twenty-nme cases of pulmonary embolism nineteen gave 
their symptoms of this condition before the phlebitis had declared itself 
and ten after the signs of phlebitis had appealed 
The above figuies may be tabulated thus 

Cases Pei cent 

Pulmonary and pleural complications (exclusive of bionclntis) 88 
Pulmonary embolism before appearance of phlebitis 19 
Pulmonary embolism after appearance of phlebitis 10 
Phlebitis with pulmonary symptoms of doubtful nature 
Probable pulmonaiy embolism without evident phlebitis 
Pulmonaiy complications not embolic 

The evidence on which is based the conclusion that a veiy laige pio- 
portion of the pulmonary and pleural complications of typhoid aie 
embolic m nature is and necessarily must be chiefly circumstantial Such 
emboli are almost always small, the patients rarely die, and none of 
our cases has come to autopsy Since the evidence is largely cncum- 
stantial its force depends on the accumulation and massing of it It lias 
tlierefoie seemed to me necessai} r to recoid, m condensed foim, all of 
the case histories Whoever has the patience to read thiough these, case 
after case, will be likely to lecognize a fairly distinct cluneal picture, and 
in reading the cases of probable embolism without evident phlebitis will 
be convinced, I believe that most of them are really cases of embolism 
The eliaractei of the records of the medical seivice of the New York 
Hospital piobably does not diffei materially from that of records of other 
hospitals of the same class They have the failings inherent m a system 
which places chiefly on the, often ovei worked, intern staff the responsibil- 
ity foi the proper lecordmg of the pi ogress of the patients and of most 
of the daily e\ ents of the wards These failings are usually chiefly sms 
of omission Many tiansient and apparently unimportant symptoms, 
which may have been promptly recognized and properly caied for, aie 
yet not noted m the peimanent records of the patient It is leasonable 
to assume, tlierefoie, that the iccoids of the cases under consideiation 
sometimes fail to include facts that might haie served to identify a mild 
phlebitis oi a small pulmonary embolism and that the figuies as gncn 
abuse if they on at all, do so on the side of conseivatism 

STMI’l OMS or PUHMOXAJIY EMDOLISAl AS SDLX IX TYPHOID TEVTU 

As lia* been said ahead} there are tv o quite distinct types of pul- 
monar} embolism In one the embolus is laige, the attack is uolent 
and usuall} fatal, and the symptoms, as a rule, appear on!} late m the 
course of the phlebitis In the other the embolus is =mall the symptom* 
are often very mild and transient, the prognosis is good and the attack, 
in a majorit} of the ca=e*, occur* some da\* before am of the usual *\mp- 
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toms of phlebitis can be discovered The first type is rare , the second 
is lelatively common In the latter type the character of the symptoms 
and the time of then occurrence make it highly probable that these 
small emboli aie derived fiom the fieslily forming and friable mural 
thrombus before it has occluded the vein and while the blood is still 
flowing past it That is the time when the thrombosis usually gives no 
local symptoms and the time also when one would naturally expect small 
particles to be carried away into the venous blood stream Indeed, it is 
difficult to conceive of the giadual formation of a thrombus, by the 
deposit of blood platelets on the wall of a still patent vein, without some 
fragments being washed away and ultimately deposited m the lung capil- 
laries, and one is inclined to wonder, not at the frequency of embolism m 
the early stages of thrombosis, but rather that a case of thrombosis should 
ever inn its course without such early pulmonary emboli 

The observation that phlebitis may give use to pulmonary embolism 
long before it manifests itself by local symptoms is by no means a new 
one Vaquez, 7 m describing vanous modes of onset of phlebitis, speaks of 
one under the caption “Plilcbite latente a debut embolique ” Such 
patients, in the course of some affection likely to be associated with 
phlebitis, “suddenly feel a stitch m the side followed by a little fever, 
sometimes with some bloody sputa The trouble, which may be ascribed 
to an intei costal neuralgia 01 to a slight focus of congestion, rapidly dis- 
appears, then sometimes the same phenomena are repeated two or three 
times Finally eight, ten 01 fifteen days afterwaid a phlebitis suddenly 
appears m one of the extremities” 

Yialard 0 leports four examples of eaily pulmonary infarction m 
phlegmasia alba dolens A number of such instances can be found also 
among the cases reported by Mahler 9 10 and by Zurhelle 11 

A study of the cases cited by Oslei 2 m his exhaustive “Studies m 
Tjphoid Teier” shows this same association of obscure pulmonary and 
pleural symptoms with phlebitis Tor example. Case 13,813 is cited 
among the cases complicated by pneumonia and also among those com- 
plicated by phlebitis Cases IT, 319 and 18,156 are mentioned under the 
heading of the complication of pleurisy and undei that of phlebitis 
Case 13,521 appears undei the three groupings of “painful legs,” pleunsy, 
and post-fr phoid elei ation of temperature 

An analysis of the twenty-nine cases of pulmonary embolism occur- 
nng'Sulh known phlebitis shows that thoracic pain was present at some 


9 t nlard Des embohes pulmonaires prgphlGlntiques pendant les suites de 
couches Jour de mCd et de chir , 1904, lxxv, 62 

10 Mahler Thrombose Lungenembolie und plotzhcher Tod Arbeit a d 
hoenigl Frnuenhlimk m Dresden 1S95, u, 72 

31 Zurhelle Thrombose und Embolie naeli gvn ikologischen Operationen 
-\rch f gwuk , 1907, lnuv 443 
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tune m almost every case In a majority of the cases it was the fust 
symptom noticed The pain was usually sudden, sharp and seieie and 
was felt commonly m the lower part of one or the other axilla Occa- 
sionally it was referred to the hypogastnum, the shoulder or the lowei 
part of the neck The duiation of the pain varied from a few houis to 
a number of days Gough was present m most but not m all cases In 
eight instances it was the first symptom Sometimes it did not appeal 
until two 01 three days after the onset of the pain 

Bloody sputum was noted m thirteen (45 pei cent ) of the cases 
It sometimes appeared promptly, but frequently was seen only several 
days after the onset of the attack Often the blood-spittmg continued 
for many days The blood was raised usually m small clots or stieaks 
At the onset such sputa are usually bright red, they soon become daik, 
howevei, and, if the spitting continues for many days, the altered blood 
gives a brownish color to the sputum Tiue lusty sputum was never 
seen 

i 'Sudden thoracic oppression and dyspnea were present at the onset 
of the attack m only three cases In five instances the pulmonary attack 
was introduced by one or more chills 

The behavioi of the temperature varied much In some cases it rose 
abruptly with the advent of the thoracic symptoms, but often it was not 
easy to determine whether the variations m the tempeiature were to be 
ascribed to the phlebitis, to the embolism oi to the primary disease 

Rigidity of the uppei portion of the abdominal musculature, and 
tenderness just below the ribs were present m several cases m which the 
infarction seemed to be situated at the diaphragmatic surface of the lung 
Multiple Embolism In thirteen of the twenty-nine cases the symp- 
toms were such as to indicate the occurrence of two or more attacks of 
pulmonary embolism Among the cases of probable embolism without 
signs of phlebitis there were five m which the multiple character of the 
pulmonaiy attacks leaves little zoom for doubt as to then* tiue nature 
In one of these (Case 39) theie were four distinct attacks duung a peiiod 
of thiee and a half weeks 

Fatal Embolism Death occuned in thiee of the twenty-nine cases of 
pulmonaiy embolism with recognizable phlebitis (Cases 22, 27, 28) In 
each instance the fatal attack occurred late m the course of the phlebitis 
and had been preceded by milder pulmonaiy attacks 

Physical Signs As regards their physical signs the cases may be 
dnided into three groups 

1 Those in which friction rubs or crepitant rfiles oier a small aiea 
were the onh signs These signs often lasted only two or three dajs 

2 Cases m which the signs were fho c c of a small, circumscribed 
pneumonia The area of consolidation did not extend and m each 
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instance the signs of consolidation disappeared within thiee or fom days 
These signs were almost always m the lower lobes 

3 Cases with signs of extensive plastic pleurisy or of pleural effusion 
This type included more than half of all the cases In some of these 
the physical signs at first were those of consolidation It seemed to be 
quite cliaiactcristic of the third group of eases that although the signs 
seemed to indicate the presence of liquid, exploratory puncture usually 
failed to reveal it In only three cases was serum obtained and m only 
one of these was there any considerable quantity 

CASE EEPOETS 

PULMONARY EMBOLISM BErOBE THE APPEARANCE OF SIGNS OF THROMBOPHLEBITIS 

Case 1 — D R D, male, aged 32 No 1373 Admitted October 23, 1898, on 
ninth ( 7 ) day of illness On this day patient developed a troublesome cough On 
the next day (October 24) the sputum was blood-streaked October 26, “Patient 
raised quite a considerable amount ofl blood ” The cough and bloody sputum lasted 
for several days On November C, there was pain m the left groin and leg and 
two days later “tenderness m calf and along course of the long saphenous vein ” 
Latei still the leg became edematous The temperature, which had been normal, 
lose for two days with the appearance of the signs of phlebitis 

Case 2 — W B , male, aged 26 No 2806 Admitted Aug 31, 1899, on ninth 
day of disease Five days later (September 4) patient had a chill at noon and 
thiee hours later became very cyanotic, vomited, had a rapid, weak pulse and 
began to cough up blood-streaked mucus September 12, had chill and became 
cyanotic September 13, two chills Over lower part of right chest behind, dul- 
ness, bronehovesicular breathing and crepitant rales September 14, “Patient 
cjanotic, pulse very v eak ” During the next three days several chills September 
19, pam m right leg Septembei 20, signs of fluid over lower part of right chest 
behind Pam, tenderness and swelling appeared m right thigh and calf On 
September 27, pus was evacuated from right tliigli, and on October 12, pus was 
discovered m right calf Later there developed pam, tenderness and redness 
along the lower part of the inner side of the leg which persisted for a fortnight 
or more and gradually disappeared The chest signs slowly disappeared and the 
patient recoveied 

Case 3 — M B W , female, aged 24 No 2987 Admitted Oct 12, 1899, on 
fifth (?) day of illness Severe course with persistent nausea and vomiting 
October 17, patient had a clnll with sweating, and soon afterward began to have 
se\ere abdominal pam On the following day the pam was very severe and was 
localized oier the right side of the chest October 23, pam appeared m left leg 
and popliteal space October 27, pam m left side of chest October 29, pam 
began in right leg November 2 and 4, chills Pam m legs continued and on 
November 11 there was tenderness along the course of the femoral vein m both 
thighs On the e\emng of November 17 there was a chill followed by sudden, 
c e\cre pam lefened to the region of the right shoulder and the patient was deliri- 
ous through the night All the symptoms gradually subsided and the patient 
iccov ered 

Case 4 — D P T , male, aged 24 No 6593 Admitted Nov 23, 1901, on 
wen i irst day of illness The patient was delirious and very sick Over the 
e oner obe tliere was an admission dulness, diminished breathing and subcrepi- 
tant rlle-^ On No\ ember 28 there was bronchial voice and breathing at the level 

0 ie angle of the scapula and signs of fluid below this November 29, “area of 
con o k ation unchanged Signs of fluid much less ” December 3, “Pam and ten- 

1 erne s a on g course of both internal plantar nerves” This pam in soles of feet 
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was tioublesome for some days On the night of December 1G, patient del eloped 
a troublesome cough and on following day began to have very severe pain m right 
side of chest and in right shoulder, and the temperature rose from 100 to 104°F 
The pam and cough continued through the night and next day ovef the right loner 
lobe there were signs of fluid and that evening twenty-five ounces of clear fluid 
were removed December 23, “Patient complaining of pam m right leg and groin 
for several days Tenderness is very marked over veins of thigh, uheie a cord 
can be felt ” The phlebitis ultimately subsided without edema 

Case 5— M M, male, aged 18 No 8179 Admitted Sept 21, 1902, on fifth 
day of illness Pan a fairly severe course No pulmonary signs or symptoms on 
admission September 27, at 5 p m , the patient began to have very severe pam 
over left lower chest and m epigastric region, and temperature rose to 105 8 
Patient was delirious much of the time for seveial dajs No definite signs m the 
chest Octobei 11, “Has improved very much Mind quite clear Complains of 
pains in left thigh and theie is slight tenderness along course of the femoral 
vessels Foi several days patient has been complaining of painful feet and his 
toes aie very tender” October 13, “Complains of left arm being painful and is 
unable to bend elbow” November 15 Tenderness along course of femoral vein 
had disappeared, but toes still somewhat tender Good recovery 

Case 6 — W C G , male, aged 40 No 8467 Admitted Nov 17, 1902, on 
ninth day of illness Very seveie course, delirious much of time November 21 
Sudden pam m left chest, followed by coughing November 22, 3 a m Sudden 
cyanosis and dyspnea Dyspnea continued throughout day Troublesome cough 
During next three weeks much coughing and frequent sweats Beginning Decern 
her 12, frequent chills and sweats December 15 Severe pam m right leg fol- 
lowed by signs of phlebitis m thigh and leg Decembei 20 Pam m right chest 
and great lestlessness More cough December 26 Signs of phlebitis in left 
calf Return of pain m right chest January 4 Small area of dulness and a 
few crepitant rales in (right’) lung Sputum stieaked with blood January 5 
Patient developed signs of edema of the larynx and died in spite of a tracheotomy 
Case 7 — J D , male, aged 12 No 9879 Admitted Sept 6, 1903, on fourth 
day of illness Ran seveie course September 13 and 14, intestinal hemorrhage 
September 21 Aiea of dulness near angle of right scapula with bronchial breath- 
ing and voice and many coarse rales The cough and signs of consolidation lasted 
several days September 27 Complained of pam m left leg, most marked along 
mnei side of thigh where there is tenderness but no cord to be felt Next day 
the temperature rose and continued high for some days Octobei 1 “Consolida- 
tion clearing up Toes of both feet are tender ” October 5 Toes no longer ten- 
der, and tenderness along inner side of thigh has disappeared No further 
symptoms 

Case S — R A R, male, aged 27 No 10,130 Admitted Nov 14, 1903, on 
tenth day of disease Ran a moderately severe course Lungs normal on admis 
sion November 16 Right wrist painful and tender November 21 During the 
night there was sudden severe pam in right side, lequirmg anodynes The pain 
continued through the dav, without other physical signs November 25 “Abun- 
dant fine pleuritic rilles in right axilla and at right base ” The pains and the 
signs of plastic pleurisy continued for several days The pam tenderness and 
redness of right wrist also continued and extended to the palm of the hand 
December 5 “Right wrist and hand not swollen but still somewhat tender Today 
there is pam and tenderness in the left popliteal space and the left calf is some 
what swollen” Later the thigh became swollen and tender along the course of 
the femoral vein and a tender cord could be felt m the popliteal space 

C\se 9 — J M, male aged IS No 14,283 Admitted to hospital Aug 31, 
1900, on fifteenth day of illness Severe course Slight cough on admission 
“Lungs normal except for a few scattered rhles ” September 2 Chill at 4 p m 
with ri=e of temperature to 105 G T at S p m , a second chill, temperature 100 G 
F respiration 30, pulse 121 September 3 Chill at S a m and again at 7 p m 
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and many crepitant rales at right base postei lorly, and many ciepitant r.lles m 
left axilla , August 14 “Sharp pam m right side of neck and right shouldei 
Troublesome cough but no expectoration ” August 17 Dull ache m left thigh 
and groin which next day extended to left calf August 19 Sudden stabbing 
pam m right chest August 20 Expectoration of bright blood which con 
turned for several days On August 26 there developed pam, tenderness and 
swelling along the course of the right femoral vein, the tenderness extended up 
along the course of the external iliac vein, and there was swelling and tenderness 
of the labium major is on that side August 30 Pam referred chiefly to sole of 
right foot Later edema appeared in both legs The chest signs gradually cleared 
up and patient made a good recovery 

Case 13 — -Mr H, aged 50, was admitted Sept 2, 1910, on second day of 
illness Course mild and uneventful until September 19 He then developed a 
troublesome cough to which was added, on Septembei 22, pam in left side of 
chest which, for a day or two, was very severe On the night of October C, he 
had a chill and, a few hours later, severe pam m the left scapular region and 
cough The pam and cough lasted for some days On October 10 he spat up some 
bright blood streaked mucus and for several days afterward the sputum con 
tamed dark blood On October 15 he began to have pam and tenderness in right 
leg which, two days later, extended to the thigh along the course of the femoral 
vessels On October 26 the same symptoms appeared in the left leg and about 
the same time he suffeied greatly for several days with pam m the lumbar portion 
of back The phlebitis m both legs i an a long and severe course The temperature, 
which had reached normal, rose abiuptly on Octobei 7 after a chill and continued 
high and irregular throughout the course of the phlebitis 

Case 14 — L C , male, aged 29 Ho 20,379 Admitted Sept 9, 1910, on sixth 
day of disease Mild course, uneventful until September 21, then sudden severe 
pam referred to right hypochondnum, rapid breathing and rigidity of upper part 
of right rectus muscle That evening, “many crackling pleuritic rules m right 
axilla” One week later, "slight tenderness along inner side of right leg” Ho 
further notes on the condition of the legs Discharged October 22 A few days 
later friends of the patient reported that he had ‘ swelling of both legs below 
the knees ” 

Case 15 — E Z , male, aged 32 Ho 20,513 Admitted Oct 3, 1910, on ninth 
day of disease Uneventful and rather mild course until October 22, when he 
complained of pam m left axilla and had “a few fine pleuritic r files” m the same 
region On the next day the entire left leg seemed slightly swollen, was bluish 
in color and there was marked tenderness over the femoral vein October 24, 
“marked tenderness m abdomen just above left Poupart’s ligament ” October 29 
Tenderness m right thigh November 1 “Pleural friction rub low m left axilla’ 
When discharged tlieie was still some edema of left leg 

Case 16— H C, male, aged 21 No 20,632 Admitted Oct 25, 1910, on the 
eighth day of disease Ran a moderately severe course November 0 In after- 
noon the patient began to cough severely and continued to do so for a number 
of days November 13 Complained of pam m side of chest on breathing “Low 
m left axilla and posteriorly over left lower lobe are scattered coarse friction 
rubs” November 22 to 26 Intestinal hemorrhages The temperature, after 
having been normal for two weeks, rose abruptly on December 7 and continued 
fairly high for a fortnight or more On December 11 signs of phlebitis appeared 
in the right thigh and later shoved also m the right calf There was no edema 

Casf 17— Mrs L, aged 43 Admitted Dec 18, 1910, on about the tenth dnv 
of disease Moderate initial course folloved by equally long “relapse” Tor about 
one week, beginning December 24, patient coughed much and had bloody expectora- 
tion Later a fev fine riles could he heard in both aullrc and in both ba=o s 
behind January 22 patient began to complain of pain m left arm On January 
2i, p->in b°gan in right leg and a few days Inter m the left leg The pain wns 
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especially severe and piotracted m tlie left leg where theie was marked tendei- 
ness o\er the lower third of the anterior surface external to the tibia At the 
time of discharge there was still slight edema of the foot and ankle 

Case 18 — A C, female, aged 37 No 180,098 Admitted Nov 24, 1911, on 
eighth day of illness Moderate course Temperature gradually falling and 
patient conscious and comfortable when at 9 p m on December 4 (eighteenth day) 
she complained of sharp pain m left side of chest The pain continued next day 
but the signs in the chest weie negative except for many fine rales at the end of 
mspnation Patient spat up a small amount of bright blood December 7, “Still 
spitting up a small amount of bright blood occasionally Still no definite signs m 
chest” No pam or tenderness along course of veins of legs December 8 Still 
coughing In a m complained of pam m right heel Later m the day there was 
slight pam in right knee “Still no signs of phlebitis ” The temperature, which 
had been below 100 F for some days, rose in the afternoon to 104 F and remained 
high for four days December 9 Slight tenderness over position of Hunter’s canal 
and m popliteal space of right leg December 12 Patient complained of more 
pam m left side of chest December 13 Cougli much worse Sputum again 
contained bright blood Pam in left knee “No signs of phlebitis on that side ” 
December 14 Tenderness over Hunter’s canal on left side December 15 Seveie 
pam m left side of chest At left base, dulness and many fine rales The cough 
and bloody sputum continued for several days longer The phlebitis of both legs 
lasted for some time and subsided without edema 

Case 19 — H P, physician, aged 24 Onset June 9, 1910 Moderately severe 
course which was uneventful until the evening of twelfth day (June 21) when 
he was awakened by sudden, severe, thoracic oppression and a feeling of suffoca- 
tion He had dyspnea, cyanosis, cold sweat, a rapid, thready pulse and all the 
indications of alarming collapse On the following day these symptoms had some- 
what subsided Examination of the chest was negative June 23 Symptoms 
subsiding Lungs negative except for diminished bieathmg and crepitant rales 
at angle of left scapula In the afternoon began to have pam m left side of chest 
which on following day (June 24) became very serious Very slight cough No 
signs of phlebitis June 26 Began to expectorate mucus mixed with dark blood 
June 28 Sharp pam m right side of chest June 29 Soreness m calf of light 
leg which, on following day, extended along the couise of the femoral vein m 
tlugh The bloody sputum and cough continued for some days longer July 5 
Some pam m left calf No further symptoms until July 14 when signs of phlebitis 
m left femoral vein appeared The signs of plastic pleunsy m the left chest 
slowly disappeared and patient made a good recovery 

PULMONARY EMBOLISM AFTER THE APPEARANCE OF SIGNS OF PHLEBITIS 

Case 20 — W E S , male, aged 25 No 1572 Admitted Dec 4, 1898 Typhoid 
began m Porto Rico on Octobei S Improved until November 13, when right leg 
became tender and swollen This improved and patient left hospital Two days 
before entrance to New York Hospital (December 2) the left leg became swollen 
and tender m the calf and on the following day, he had pam m left chest near 
lus heart On admission there was dulness and diminution of voice, breathing and 
fremitus at the left base and signs of phlebitis m the left leg Recovery 

Cast 21 — H W W , female, aged 25 No 2966 Admitted Oct 7, 1899, on 
tenth dav of illness Severe course October 14 Pain and tenderness along 
course of femoral aein m right thigh Chills October 17 and 18 October 22 
Verv sci ere pam in left side which was followed by signs of pleurisy with effusion 
m left chest October 23 Signs of phlebitis in left leg Later edema of both legs 

Case 22 — J L L , male, aged 26 No 6393 Admitted Oct 14, 1901, on 
sixteenth dav of illness On day before admission began to have severe pam m 
left thigh and leg and on admission showed well marked signs of femoral phlebitis 
October 21 Soreness and tenderness in left heel, which lasted seieral days 
October 23 Sudden change for the worse with very rapid pulse and breathing 
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Octobei 24 Pam m light side of chest, with many friction sounds October 27, 
Chill, with rise of temperature and labored breathing Over lower part of imht 
chest, flatness and diminished breathing, voice and fremitus October 30 Small 
amount of fluid obtained from right chest October 31 Signs of phlebitis in 
uglit leg Very seveie pain and tenderness in foot and heel which lasted some 
dais Nov ember 17 Sudden death, due probably to pulmonarj embolism No 
autopsv 

Case 23 — S II C, male, aged 32 No 9892 Admitted Sept S, 1903, on 
foui tli day of illness Very severe couise September 14 Pam m left popliteal 
space Septembei IS Chill Septembei 23 Slight edema of left ankle Ten- 
derness and swelling of light calf Septembei 25 Severe chill September 27 
Chill Dulness and mam ciepitant idles at left base posteriorly September 2S 
Coughing Two chills Signs of consolidation at left base more distinct October 
9, Still signs of phlebitis in both legs Octobei II Two piofuse sweats October 
12 Chills Slight dulness and many crepitant l Tiles over upper part of left 
lonei lobe Signs of fluid at base Small amount of bloody fluid aspirated 

Case 24 — Miss H P, aged 25 No 13,748 Admitted April C, 190G, on 
seienth day of illness Long, seveie couise April 21 Began to complain of 
painful and tendei toes, also of pain in both legs, but especially in left leg April 
23 Tenderness m right groin below Poupart’s ligament April 25 Cough and 
expectoi ation with idles at base of right lower lobe Between April 26 and May 
22 patient had eight severe chills with fever of maikedly remittent type During 
most of this time she suffered gieatly fiom tenderness and pam in the toes May 
6 Frank signs of phlebitis m left leg and latei m t high May 22 Aftei a 
chill patient had a violent attack of coughing and complained of severe pain m 
left chest For seveial dajs tliereaftei severe pam m left chest and left upper 
quadrant of abdomen Inegular tempeiature continued foi a fortnight longei 

Case 25 — -V A, male, aged 42 Admitted Feb 8 1910, on sixth daj of illness 
Long severe course Febiuary 19 Chill and latei pam and tenderness over left 
femoral vein Up to that time he had had no cough whatever That night he 
was disturbed seveial times by coughing attacks which ceased nevt dav Februarv 
26 Chill, lugli temperature and signs of phlebitis of right femoral vein March 
5 Sudden, severe pam in light chest, cough, bloody sputum, dulness and rales 
at right base posteriorly Later signs of consolidation in right lower lobe became 
more distinct Cough and expectoration of blood lasted for two weeks Slight 
chills with rise of temperature on March 15 and 25 On March 15 patient com 
plained of great tenderness in toes of both feet, which continued foi several days 
Later edema of both legs No rise in leukocytes 

C\se 2G — M P, male, aged 23 No 20,24S Admitted Aug 22, 1910, on 
eleventh dav of illness Moderate course and uneventful convalescence until Sep 
tember 20 Patient had been up and about ward for seveial days and on this dav 
temperature began to rise On the following daj there was pain m left thigh 
but no other indications of phlebitis Later m the day there developed pain in 
right side of chest, made woise by deep breathing, and a few friction rubs could 
be heard m the right axilla The pulmonary symptoms soon disappeared All 
the usual symptoms of femoral phlebitis developed rapidly and lasted for two 
w eeks 

Case 27— D C male aged 23 No 178,211 Admitted July 20, 1011, on 
fourteenth daj of Alness He then complained of pain in the calves of the legs, 
o«peciallv the right and there was marked tenderness of the muscles of the right 
calf and m the right popliteal space, and slight tenderness over the same areas 
in the left leg Trom Julv 10 to 22 he complnmed also of pain and tenderness in 
l>oth forearms July 2G Severe coughing attneks throughout night August G 
Pain in left side of chest August 17 Two severe chills August IS Tender 
ness and palpable cord m right femoral region and in popliteal space and swelling 
of tissues of calf August 19 Suddenlv developed labored respiration vith cough 
and blood streaked expectoration The=c svmptoms continued until August 22 
wnen lie disvl No autopsv 
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Case 28 — A M , female, aged 25 No 178,318 Admitted July 29, 1911. 
Patient had been ill foi four weeks hut had not gone to bed On admission the 
dilated and tortuous superficial veins on the inner and antenor aspects of hotli 
legs and thighs were thrombosed, dailc m color and tender to piessure August 
7, the patient suddenly became restless and dyspneic, complained of pain m the 
chest, and, later m the day, showed at the base of the right a villa, an aiea of 
diminished breathing over which weie many fine rales The pulmonary symptoms 
continued, the signs remained unchanged and three days latei the patient died 
No autopsy 

Case 29 — B , male, aged 21 No 178,517 Admitted Aug 10, 1911, on sixth 
day of disease Very mild initial course Aftei temperature had been noimal 
foi nearly five weeks it began, September 27, a step-like ascent, accompanied by 
general malaise and pains in the back and limbs October 4 Tenderness ovei 
right femoral and popliteal veins and pain m calf October 8 Had restless, sleep- 
less night and complained of pain in chest No cough The signs of phlebitis 
gradually disappeared The fever lasted a considerable period There weie no 
further pulmonary symptoms 

PHLEBITIS WITH PULMONARY SYMPTOMS OF DOUBTFUL NATURE 

Case 30 — P , male, aged 22 Admitted Nov 20, 1897 Pulmonaiy signs at 
one base, with use of tempeiature after defervescence One month latei fianlc 
signs of bilateral femoial phlebitis 

Case 31 — H, female, aged 26 Admitted Dee 9, 1S97 Pulmonaiy signs at 
right base late m disease Rise of temperature and rapid pulse Three weeks 
later phlebitis of light femoral vein 

Case 32 — H W L, male, aged 35 No 5,341 Eaily pulmonaiy symptoms 
(sevcie cough and blood-streaked, frothy sputum) Later extensive phlebitis of 
both legs and light arm 

Case 33 — C S, female, aged 23 No 8,695 Slight early pulmonaiy symp- 
toms, probably not embolic Two weeks later phlebitis of left femoral vein 

Case 34 — D E D , male, aged 24 No 13,097 After defervescence sudden 
cyanosis followed by use of temperature and pain m region of diaphragm on left 
side Five dajs later phlebitis of right external saphenous vein 

Case 35 — G S B , female, aged 20 No 14,095 Very severe course, patient 
delirious much of the time Between July 19 and 26 troublesome cough with 
slight expectoration July 26, 6 a m, sudden cyanosis and collapse July 2S, 
“very fiec expectoration” July 29, "Complains of toes being painful” August 
12, tempeiature after having been normal for five days, began to rise August 14 
Troublesome cougli August 17 Pam m right leg above foot August 29 Severe 
pam m left leg, with rise of temperature Later signs of phlebitis m both legs 

Case 36 — A W , female, aged 28 No 16,313 During fifth week troublesome 
cough with rales, especially at right base Two chills Ten days later phlebitis 
of left femoral and calf veins 

Case 37 — J T , male, aged 32 No 176,408 During defervescence trouble- 
some cough for two days Five days later signs of left femoral phlebitis with 
chill and high temperature 

rULMONARY SYMPTOMS SUGGESTIVE Or EMBOLISM WITHOUT EVIDENT PHLEBITIS 

Cxse 38 — M K, female, aged 24 No 2,045 Admitted March 13, 1899 
Average utie\ entful course At end of defers escence sudden, severe pam in right 
side of chest Three days later severe pam m toes of both feet, lasting several 
dajs No other signs of phlebitis 

Casf 39 — J D , female, aged 53 No 2,S07 Admitted Aug 31, 1899 Normal 
and uneventful course until September 24 then at 2 a m sudden collapse with 
rapid breathnur, weak pulse and cold sweat Gradual improvement October 1 



54S 


ARCHIVES OF INTERNAL MEDICINE 


sudden, severe pam m left side of cliest, requiring morphin Next day, dulness, 
bronchial breathing and crepitant rOles over lower part of left lung behind Sum's 
disappeared in five days October S, seveie pain m right hypochondrium October 
IS, severe pam m light side of chest, lasting several days Temperature up 
during each of the pulmonary attacks No notes indicating phlebitis ' 

C^sc 40 — A P , female, aged 32 No 2,S88 Admitted Sept IS, 1899 Dur- 
ing fourth week chill, and on following day dulness, bronchial breathing and many 
iales over right lower lobe postenoily Two more chills on next day Three days 
later sudden death No mention of phlebitis No autopsy 

Case 41 — S N, male, aged 19 No 4,567 Admitted Oct 7, 1900 Severe, 
protracted course Temperature reached normal November 9 Eose abruptly 
November 15, without apparent cause and remained up for several days Decem- 
ber 1, chill with rise of temperature to 106 F , down next day December 3, two 
chills December 5, sharp pam m light side of chest, cough and manj line riles 
at right base and m lower pait of right axilla Pam, cough and pulmonary signs 
lasted for ten days Temperatuie high and irregular for some days longer and 
then fell gradually No mention of phlebitis 

Case 42 — J N, male, aged 34 No 6,355 Admitted Oct 7, 1901 Ean a 
moderate course, the temperature reaching normal on October 20, and remaining 
so until October 23 On this day it rose somewhat On the next it reached 103 
F , and there was pam referred to the upper part oi the abdomen On October 25 
the pam was localized m lower part of left axilla and a pleuritic friction rub was 
present October 28, chill October 29, temperatuie still high, troublesome cough 
and signs of a small area of consolidation near spine of left scapula On the fol- 
lowing day most of these signs had disappeared Temperatuie reached normal on 
November 4 No mention of phlebitis 

Case 43 — T C , male, aged 26 No 8,233 Admitted Sept 30, 1902 General 
condition good, lungs clear On twentieth day (October 5) pam m left side of 
cliest and friction rub Two days later signs of fluid Turbid, serous fluid 
removed from left cliest More fluid removed on October 10 and 12 October 13, 
5pm, patient died, apparently suddenly and unexpectedly No autopsy No 
mention of phlebitis 

Case 44 — E N , male, aged 26 No 8,480 Admitted Nov 20, 1902 Late in 
the disease sudden pulmonary signs with cough and bloodv sputum Then a 
“relapse,” during which there were several chills and oweats No notes indicating 
phlebitis 

Case 45 — EL E, female, aged 43 No S,872 Admitted Jan 31, 1903 De 
veloped typhoid while in hospital On thirteenth day (March 22) cough, expira- 
tory grunt and small area of dulness abo\e angle of left scapula Several days 
later signs of consolidation at right base Some time later, after temperature had 
reached normal, had a “relapse” with slight rise m leukocytes (10,000) but no 
notes to indicate presence of phlebitis 

Case 40— E E, female, aged 2G No 9,115 Admitted March 14, 1903 
Severe but uneventful course Temperature reached normal April 18 One week 
later temperature rose again without discoverable cause Leukocytes 9 000 May 
4, sudden onset at night of severe pam in left hypochondrium Tins pam lasted 
several days was made worse bv deeping breathing or coughing The fe er con 
tinued for some days after subsidence of the thoracic symptoms No other indi- 
cations of phlebitis 

Cvsr 17 — TV* Iv, male, aged 27 No 9,079 Admitted Oct 3, 1003 Fairly 
c overe course On eighteenth day (October 5) sudden, severe pain m right axilla, 
followed ne\t dnv by friction sounds in the =amc Tegion These signs lasted for 
ten davs Gradual defervescence No notes indicating phlebitis 

C\se js — E B A, female, aged 10 No 10,002 Admitted Oct 7, 1903 
Moderate course Temperature had been almost normal for several davs when on 
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October IS, it rose again and lan a lngh and lriegular course foi some Meeks 
Octobei 20 Severe pain m right side of chest and many fine rales m axilla 
Next day cough and bloody sputum Leukocytes 19,000 Octobei 25, still spit- 
ting up blood Signs of consolidation m right mterscapular region October 26 
Sudden collapse u ith pallor, feeble pulse, etc October 27 Severe pain m right 
upper quadrant of abdomen, with course friction rubs at base of right lung Cough 
and bloody sputum November 9 Severe pain in left side abdomen, with pleuritic 
idles m left axilla Cough with occasional bloody sputa continued some days 
longei Eventual lecovery No notes to indicate phlebitis 

Case 49 — C W , female, aged 24 No 10,181 Admitted Nov 27, 19Q3 Mild 
course By December 5, temperature had fallen to about 100 E December 6 
Sudden pain in back, difficulty in breathing and rise of temperature The next 
day the pain had become localized m left side of chest and was intense Temp 
105 F , respiration 48, pulse 140 Leukocytes 13,000 December 8 Bronchial 
bieatlnng and voice over upper part of left lower lobe, with dulness, diminished 
bi eathmg and fine idles at the base By December 11, the signs of consolidation 
had disappeared and the general condition was much improved Two weeks latei 
patient began to have small, blood}', mucous stools with much pain and tenesmus 
(tlnombosis of hemorrhoidal veins’) No other indications of phlebitis 

Case 50 — J L, female, aged 16 No 13,337 Admitted Dee 28, 1905 Fanly 
severe course Tioublesome cough for several days during fifth week Latei an 
apparent l elapse and during this, signs of pleurisy with effusion at left base No 
leg sj mptoms 

Case 51 — J R L, female, aged 2S No 13,373 Admitted Jan 4, 1906 
Veiy severe couise Late m the disease signs of consolidation m right lower lobe, 
Vi ith chills and marked leukocytosis Rapid resolution No leg symptoms 

Case 52 — L I male, aged 38 No 13,440 Admitted Jan 19, 1906 Mild 
attack Januaiy 25 Began to have burning pain starting just below and inside 
left shoulder and extending down forearm to hand, with inability to flex 
thumb and index finger Fiom February 6, to February 13, profuse sweats every 
night Febiuaiy 15 Sharp pain m right side of chest on breathing, with dry 
nlles on inspiration The temperature after being normal for a week began to 
rise on January 31 and remained elevated foi three weeks The pain m the arm 
lasted foi several Meeks 

Case 53 — A M , female, aged 22 No 14,128 Admitted July 18, 1906 
Moderate course At end of fourth v r eek, with temperature almost normal, pain, 
and signs of dry pleurisy m left side and rise of temperature Ten days later 
(August 10) signs of dry pleurisy at base of right lung August 13, sudden 
seieie pain m left side of chest and left shoulder, with a few crepitant rales in 
loft axilla No further symptoms Rapid lecovery No notes indicating phlebitis 
Casf 54 — L G , female, aged 25 No 14,211 Admitted Aug 10, 1906 Mod- 
el ate couise and long relapse Touard the end of this signs of consolidation at 
base of right lung Death No autopsy No indications of phlebitis 

C vsn 55 — W M , male, aged 18 No 14,528 Admitted Nov 2 1906 Mod- 
erate course At end of fourth week, with temperature low but unsteady, symp- 
toms of seieie plastic pleurisy at base of right lung which lasted for one week 
No notes indicating phlebitis 

Ci.se 36 — II S , male, aged 21 No 14,025 Admitted Nor 2G, 1906 Fairly 
^ei ere course During third and fourth weeks signs and symptoms of plastic 
pleurisv oi cr lower half of right chest Temperature reached normal about Decem- 
ber 21 and remained so until January 1, nhen it lose suddenly to 104, remained 
high for seieral dais and gradually fell to normal No apparent cau=e for the 
ri^o No notes indicating phlebitis 

Civr 37 — S Q male, aged 25 No 14,830 Admitted Januarv 21 1907 
Seiere orotracted course At end of fourth week (Januarv 2S) with temperature 
falling, sudden icri seieie pam m right chest with rise of temperature and signs 
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of consolidation m light mterscapulai legion No change m leukocytes (7,000) 
Temperature leached normal February 2, and remained down until February 7 
It then rose rapidly to 104 F, remained high for one week and gradually fell 
Latei there was another tiansient use Nothing found to explain the tempera- 
tuie No notes indicating phlebitis 

Case 58 — I M, male, aged 16 No 14,903 Admitted Feb S, 1907 Mod- 
el ate course, uneventful until February 19, at which time tempeiature had fallen 
almost to normal Then sudden pain in left chest A few liouis later had a chill 
with moderate use of temperatuie Four days latei when temperature had again 
become normal, dulness at left base with l Tiles Two days later sudden transient 
rise of tempeiature to 105 F without appaient cause Rales peisisted for some 
days No signs of phlebitis 

Case 59 — E P , female, aged 26 No 15,174 Admitted April 3, 1907 Severe 
couise On twentieth day (April 10) dulness, bronchial breathing and voice and 
ciepitant rales over both lobes posteriorly Signs lasted one w T eek Defervescence 
by lysis No material rise in leukocytes Slow' convalescence No signs of 
phlebitis 

Case 60 — A B , male, aged 27 No 15,514 Admitted June 18, 1907 Batliei 
mild course Temperature reached normal on June 28, and lemamed so until 
July 2 Then pain m right axilla, cough and “brownish nscid sputum” with use 
of temperature Latei signs of fluid After temperature had reached normal it 
lose again foi a day or two without evident cause No signs of phlebitis 

Case 61 — C A H , male, aged 32 No 17,579 Admitted Oct 31, 190S 
Moderately severe course Tempeiatuie gradually fell to normal and remained 
down for four days, then (November 24) began to rise Pam m left side, and 
dulness, diminished breathing and friction rubs at base of left lung Signs of 
pleurisy and cough lasted two oi tlnee weeks Temperature fell gradually No 
notes indicating phlebitis 

Case 62 — M H, male, aged 40 No 18,820 Admitted Sept 23, 1909, on 
eleventh day of disease Complained of pains in legs before admission Slight 
pretibial edema Uneventful couise until October 20 Temperatuie running below 
101 F Then rise of tempeiature and pain m lower part of left chest with, later, 
pleuritic friction lubs over same legion No signs of phlebitis 

Case 63 — G P, male, aged 24 No 179,816 Admitted Novembei 5, on 
twenty second day of illness Severe course, uneventful until November 15 Then 
sudden pun in right axilla, followed by friction sounds, cough and abundant 
‘fiotln, blood sti caked sputum” November 20 Pain and friction sounds now 
in both axillae Cough and bloody sputum peisisted Tempeiatuie continued high 
and megulai Two weeks later signs of small pulmonnrj abscess in left lower 
lobe Opeiation Death No autopsj No evidence of phlebitis 

TIIE FIXATION OF THE LATE MULTIPLL CHILLS Or TYPHOID 
TO TIIFOMBOrilLEBITIS 

In studying the cases of 131)1101(1 with a view to ascei taming the 
mutual relations between phlebitis and pulmonary and pleural complica- 
tions, it soon became evident that m the cases complicated b) r phlebitis 
the occurience of chills was so frequent as to call for investigation, more 
especially as m most cases such chills were multiple These multiple 
chills of the later weeks of typhoid have never received a satisfactory 
explanation After eliminating the rare instances of true malarial chills 
and tho'e seen in the course of pyelitis and otliei rcoogm/able complica- 
tions theie icrnnin a considerable numbei of of protracted tvphoid 
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m wlncli the lattei weeks of the com se aie punctuated by a succession of 
abiupt violent uses of temperature, associated usually mth chills and 
followed often by sweats hoi these distuibmg symptoms usually no 
adequate cause can be found, and, although the blood-eultuies aie um- 
foimly negatne and the leukocytes fiequently show no significant change, 
these obscuic cases aie apt to be legauled as instances of post-typhoid 
sepsis A fuitliei cliaiacteiistic featuie of these cases, in my oun expe- 
nence, is that they all ultimately lecovei 

Among the total numbei of eases of typhoid fevei levieued, multiple 
chills occuired in twenty instances In sixteen of these twenty cases 
(80 pel cent ) tlieie weie well maiked signs of tlnombophlebitis In 
eveiy one of the foui cases m which no signs of phlebitis weie obseived 
tlieie ueie pulmonary symptoms stiongly suggestive of pulmonaiy embol- 
ism (see Cases 40, 41, 44 and 51 ) In ten of the sixteen cases with 
phlebitis^ also, Iheie were symptoms of pulmonaiy embolism Some- 
times the chills would coincide with the onset of the pulmonaiy symp- 
toms, occasionally they would synchronize with a fiesh exaceibation of 
the phlebitis, but fiequently they occuncd without otliei symptoms and 
without appaient leason In seven cases all the chills oceuiied befoie 
any of the signs of phlebitis were appaient hour of the cases have 
alieady been cited (Cases 2, 9, 24 and 30) , the otheis follow 

Cask G4 — C G- , male, 2G yeais old No 8,48S Admitted Nov 22, 1002, on 
sixth daj of illness Moderate couise By Novembei 27 tempeiatuie had fallen 
to 100 to 102 F This continued until Decembei 3 ’Alien tempeiature began to lun 
highei Chills occuricd on December 7, 8, 10, 11 and 12 On December 31 patient 
complained of pain m calf of light leg and three days latei there was tenderness 
oi er the calf, m the popliteal space and over the upper poition of the femoial vein 
Hie tempeiatuie which had been about normal foi some days began to rise on 
Januaiv 1 and lemamed elevated for two weeks Meantime there weie symptoms 
of extensile phlebitis of the light thigh and leg uitli, ultimately slight edema 
No pulmonary symptoms 

Cvsr G5 — C K W male, aged 48 No 12,G2G Admitted June 21, 1005, 
on fifteenth day of disease Fauly seveie couise Betueen July 1 and 4 tlieie 
neie fne chills, occumng "without known cause, and duung this time the leuko- 
cytes ranged betu ecu 4,000 and 5 300 On July 7 the right leg became painful 
and swollen and tlieie was tenderness ovei the couise of the femoial vein On 
Juli 12 the loft leg became similarly’ miolied No furtliei chills, no pulmonaiy* 
sy mptoms 

Cash GG — J V , male, aged 1G No 17,1G0 Admitted July 10 on c e\enth day 
of illness Moderately seiere course On July 22 and 23 «eieie intestinal hem 
oirliages On July 24 25 and 29 chills without apparent cause August 2 “Lungs 
clear except for scattered rflles ” Couise uneientful until August 23 y\licn tlieie 
appealed signs of phlebitis m left groin These latei imohed the left leg and 
were associated y\ itii edema No pulmonary symptoms 

111 six instances the chills took place both before and dm mg the 
obyious manifestation of phlebitis Cases 3, G and 13, and the following 

C\sr G7 — J II J male, aged 24 No 2 G34 Admitted July 2G, lS^O on 
twentieth day of disease Seiore couise Very sick and delirious for a number 
of dins Between July 31 and August 15 there were si\ clnlls On August 17 



552 


ARCHIVES OF INTERNAL MEDICINE 


symptoms of phlebitis appeared in left leg and a few days liter in tlie light leg 
Fuither chills occurred on August 27 and 29 and Septembei 2 and 6 The phlebitfs 
ran a long, severe course No notes of any pulmonary complications 

Case 6S — 0 H, male, aged 32 No 4,110 Admitted July 4, 1900, on foui 
teenth day of disease Moderate course July 15 chill with rise of tempera tui e 
to 105 F During ne\t three days gradual fall m fcier to 100 F, then (July 19) 
chill and use to 105 F After that the temperature continued high for some davs 
July 23, pain and tenderness over upper part of left internal saphenous -vein and 
five dais later signs of involvement of femoial on same side Between July 24 
and 31 file furtliei chills Slow convalescence No pulmonary symptoms 

Case 69 — B R , female, aged 20 No 12,894 Admitted Aug 29, 1905, on 
sixth day of disease Fairly severe course September 13 (Nurse’s note) “Com- 
plains of pain m feet -Left foot and ankle consideiably swollen” From Septem 
ber 13 to October 1 patient had almost daily chills without okvious cause Blood 
cultures were sterile, there was no rise m the leukocytes and physical examination 
of the chest was negative except for scattered sibilant and sonorous sounds On 
Septembei 19 a tender, elongated mass could be felt over the uppei part of the 
left femoral vein and there was slight edema of both ankles The symptoms soon 
subsided and it w as not until October 25, after the patient had been sitting up foi 
a few days, that flank symptoms of milk leg appeared No pulmonary symptoms 

In three cases the chills did not oecui until after the phlebitis had 
declared itself (Cases 21, 23 and 25) 

In view of the fact that, in 80 per cent of the cases of typhoid marked 
by the occurrence of multiple chills of unknown cause, there was present 
also thrombophlebitis, and of the fuither fact that m all of the few 
lemaming cases, m which no phlebitis was recognized, there oecui led 
symptoms suggestive of pulmonary embolism, it is difficult to escape the 
conclusion that these obscure ‘ post-typhoid” chills bear some very dneet 
i elation to the thrombotic piocess m the peripheral veins Just what 
that i elation is, m eveiy case, it may not be easy to say Such i igors 
aie probably not always due to the same cause It is not uncommon for 
a chill to accompany the onset of symptoms of phlebitis of a large vein 
oi to maik the sudden extension of such a phlebitis, but these aie usually 
only single chills and this explanation fails entnely to account for the 
very characteristic type of cases we are consideung m which chills may 
lia\e been occurung almost daily foi two or tluee weeks before any 
sjmptoms of phlebitis have appeared A good many of the chill* 
oocuned simultaneously with the onset of svmptoms of pulmonary embol- 
ism but m these same cases some of the chills -would lake place without 
*uch pulmonary symptoms, and the question anses as io -whether a rigor 
may not at times be the only recognizable sjmjitoms of the lodgment of 
a tiny embolus Gerhardt, 12 m his classical description of the hemor- 
rhagic infarct says “The act of embolism can pass almost or quite 
without symptoms -when small fragment* of clot enter a sound lung or 
wheie marked chspnea aheady exist* ' He also speaks of a chill as a 

12 Gerhardt Dcr h imorr}ngi=che Infarct Yolhrmnn’s Sami Klin Vortr 
1*71 No ni 
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fiequent symptom of embolism Even on the assumptom, however that 
some of the chills which appear without accompanying pulmonary symp- 
toms may be due to tiny emboli, the problem does not seem to be alto- 
gether solved , for occasionally a case is met with m which, although there 
are many chills, there aie no pulmonary symptoms with any of them It 
seems very unlikely that twelve or fifteen attacks of pulmonary embolism 
should occur without some of them presenting eharactenstic symptoms 
or physical signs For such eases it must be acknowledged that theie is, 
at present, no satisfactory explanation 

The literature contains a good deal of evidence m support of the 
\ lew that the late, multiple chills of typhoid bear some constant relation 
to thrombophlebitis, although this relation appears never to have been 
fully recognized The reason for this seems to lie m the fact that the 
chills often begin two or three weeks before the usual symptoms of 
phlebitis appear Hernngham 13 recorded six cases of multiple chills In 
four of these the existence of thrombosis was recognized and m one other 
the symptoms as described strongly suggest thrombosis Saw 14 reports 
two typical cases of "septic ) chills, m both of which there was venous 
thiombosis and m one also, a late and severe pulmonary embolism. 

Leclerc 15 and Howland 10 each repoit a case of multiple chills accom- 
panied by thi ombophlebitis 

Thayei 3 found that m 28 pei cent of Ins cases of venous thrombosis 
complicatmg typhoid there were chills, and adds "In the past two years 
I have seen m consultation three further cases m which otherwise unac- 
countable chills during convalescence from typhoid fever were followed 
by a complicating thrombosis ” 

THE RELATION OF THE SYMPTOM OF "TENDER TOES” TO 
THROMBOPHLEBITIS 

The study of the cases of phlebitis complicatmg typhoid fever brought 
out tbe further fact of the frequent association of such cases with the 
interesting symptom known as "tender toes ” This condition of painful 
and exquisitely tender toes is, as is well known, an occasional com- 
plication of typhoid and always appears late m the disease or during 
com alescence It is commonly regarded as a neuritis of the plantar 
neives although, m many instances, the transient character of the symp- 
toms, as well as the lack of trophic changes, suggests that the process can 

13 Hernngham On Rigor and Collapse m Typhoid Fever St Bart’s Hosp 
Rep , 1S9G x\\n, 107 

V* Septic Phlebitis and Thrombosis of the Femoral Vein Complicating 

Typhoid Fever. Med Press and Circ , 1897, lxiv, 453 

15 Leclerc Ti^vre tvpholde, etc, Lvon mCd , 1SS9, lvii, 289 

, n „! C , H0wland A CVe of Tvphoid Fever with Repeated Clnlls Med News, 
l n f>4 lwxv. 820 
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hardly be an actual neuntis Among the 1,540 cases of typhoid reviewed 
this complication is recorded twenty-two times In twelve of these cases 
(55 per cent ) there was also the complication of phlebitis of the legs 
In seven of the cases the tenderness of the toes was complained of before 
the appearance of the symptoms of phlebitis, in five cases the signs of 
phlebitis appeared first Nine of these twelve instances of the association 
of tender toes with manifest phlebitis have already been cited (Cases 4, 
5, 7, 12, 22, 24, 25, 35 and 691 The remaining thiee aie given below 

Case 70 — F B, male, aged 21 No 1,27S Admitted Oct 4, 189S, on tenth 
day of disease Average course Temperature reached normal October 28 On 
October 20 first complained of “tenderness of toe= ” Allowed up m chair on 
November 2 Next day pam in left leg and on following day pain, tenderness and 
sv elhng in left calf No temperature w ith the phlebitis 

Case 71 — F P S , male, aged 37 No 11,735 Admitted Deo 8, 1904, on fif- 
teenth day of disease Moderate couise Temperature fell lapidly to 100 F on 
December 24, then rose slightly for five days, then fell to normal From December 
27 to 31 patient had pain and tenderness m left foot and toes January 2 signs 
of phlebitis m left thigh and calf 

Case 72 — P E C , female, aged 19 No 17,290 Admitted Aug 19, 1908, on 
tenth day of disease Temperature reached normal by August 27 On August 30 
the temperature rose slightly and remained somewhat elevated for several days 
On August 31 there was severe pam m the left groin and upper part of thigh with 
all the usual symptoms of femoral and popliteal phlebitis For the period 
of a week after the onset of these symptoms there was pam and tenderness m the 
sole of the left foot, toes and heel 

In addition to the above-mentioned cases of tendei toes there weie 
several cases of phlebitis m which pain and tenderness of the heel weie 
the first indications of phlebitis in that leg 

TENDER TOES WITHOUT SIGNS OF PHLEBITIS 

An analysis of the ten cases of tendei toes m which tlieie was none 
of the usual evidences of phlebitis shows that m seven of these tlieie was 
at the time of the appearance of the painful and tender toes an n regular 
and unaccountable post-typhoid febrile movement In one of the three 
remaining cases there were the symptoms of pulmonary embolism 

Case 73 — W H S , male, aged 24 No 1,043 Admitted Sept 5, 1898 Severe 
course Temperature leached normal on September 20 On September 22 began 
to complain of severe pam and tenderness of feet and toes winch lasted for some 
davs September 24, temperature rose to 102 T and fell to normal next day 
Later patient ran a high and irregular tempeiature for twelve davs, with no 
apparent cau=e 

CAsr 74 — M K female, aged 24 No 2,0*15 Admitted March 13, 1809 
Average course Temperatuie reached normal March 2G On March 21 sudden 
pun n right «ide of chest Mtrcli 27 and for several davs there ifter pain and 
tenderness of toe*: of both feet No temperature No notes indicating phlebitis 

Cv^r 7”> — T K B, mile aged 32 No 0 27S Admitted Sept 20, 1001 
Protracted but not severe cour=e Temperature re i died normal liv November 4 
On October 20 there vn= noted “pain and tenderness along the course of both 
intern"! plantar nerves esppcitlli the left” No evidence of phlebitis 
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Case 70— B E , male, aged 28 No 6,307 Admitted Oct 1,1901 Piotracted 
course Two early and small hemorrhages On October 14, first complained of 
tenderness of feet, especially on pressure Between this date and November 17 
there are seveial references to the continued tenderness and pam m the feet 
On the nights of November 4 and 5 there were severe paroxysms of coughing 
On November 26 there were local applications to the legs — apparently because of 
pain After October 16 the temperature ran a high and irregular course On 
October 23 there was a sudden rise to 106 8 E It reached normal first on Novem- 
ber 11 but did not remain constantly so until November 30 

Case 77 — B B , female, aged 44 No 6,374 .Admitted Oct 11, 1901 Short, 
mild course On admission “slight edema of the extremities ” Between October 
21 and 24 severe pam and tenderness m toes and soles of both feet No further 
symptoms 

Case 78 — M S, male, aged 24 No 7,800 Admitted July 14, 1902 Mod- 
erate course Defervescence complete by August 4 On August 11 began to have 
pam and tenderness m toes of right foot which lasted eight or nine days With 
this there was a slight rise of tempeiature for three days No other symptoms 

Case 79 — B S , female, aged 22 No 9,828 Admitted Aug 22, 1903 Long, 
severe course Severe bronchitis during the early weeks On September 6, first 
complained of tenderness of toes September 8, slight edema of feet and tender- 
ness low in the right iliac fossa but no tenderness over either femoral vein The 
pam and tenderness m the toes was present almost constantly for the next two 
months The temperature which had gradually fallen to about 100 F began on 
September 17 to use again and then ran a high and inegular course for the next 
six -weeks without any local symptoms 

Cxse SO — C G F, male, aged 30 No 12,904 Admitted Aug 31, 1905 
Course of average severity During convalescence and with normal tempeiature 
complained for several days of tenderness of toes No rise of temperature No 
other symptoms 

Case 81 — G , male, aged 14 No 9,668 Admitted July 10, 1903 Fairly 
severe course On twenty -third day first complained of soieness of toes and 
soles of feet The tenderness and pam -was very troublesome for four days and 
then di°nppeared Later a short “relapse ” No other signs of phlebitis 

Casl 82 — C E , female aged 20 No 10,858 Admitted May 6, 1904 Mild, 
initial attack, followed by seveie, prolonged relapse During this complained of 
tenderness of toes and feet Following this, prolonged, n regular, but not high 
temperature No notes indicating phlebitis 

From the foregoing facts one is, of course, not justified m accepting 
as pi oven the causal relation between phlebitis and the symptoms of 
tender toes , and yet the association of the two conditions is much too 
frequent and sinking to warrant the assumption that this association is 
merely a foituitous one It seems unlikely that thrombosis and inflam- 
mation of the small veins of the foot should of themselves pioduce the 
svmptoms under discussion It seems to me more probable that there m 
fast a tlnombosis of one or more of the veins m the legion of the heel 
and that the subsequent penphlebitic exudate may m some cases be 
uifiicient to lrntaie, oi actually to cause, an inflammation of, the 
nd m cent plantai nerves A moment's reference to any good anatomical 
pi ite of the deeper structures of the sole of the foot will sliov how xoiv 
clo^o is die approximation of the two plantar artciie 5 , with tt>en < (' r 
cohuic* io the coi responding internal and external plantar neiv ' 
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Especially at the heel, where the posterior tibial aiteiy, with its veins, 
curves over the astragalus to reach the sole of the foot, the vessels and 
nerves are m very close contact There also it seems likely that the 
angular bend m the veins may predispose to the development of throm- 
bosis and phlebitis This hypothesis receives clinical support from the 
fact that pain and tenderness of the heel are not uncommon symptoms m 
thrombophlebitis 

It seems to me quite possible that some 01 most of the cases of 
localized neuritis which complicate typhoid fever ruay be found to be due 
to penphlebitic inflammation from some adjacent thrombosed vein, for 
in all the extremities the deep vessels and nerves are generally found in 
close proximity to each other In Case 9 of this series, m which there 
was phlebitis of the left femoral and popliteal veins, there was evidently 
an associated neuritis, as shown by the weakness of the anterior tibial 
group of muscles m the affected leg 

THE TEMPERATURE IN’ THROMBOPHLEBITIS 

A febrile movement of some degree was present m all but about 10 
per cent of the cases of thrombophlebitis In a majority of the cases the 
temperature rose with the appearance of the signs of thrombosis of a 
large vein Not mfrequentl 3 r , however, the febrile movement began 
several days or even longei before any of the usual symptoms of throm- 
bosis had appeared Every possible variation, as regards time of appear- 
ance, duration, severity, type, etc, was encountered, m studying the 
behavioi of the temperatuie m the cases of typhoid complicated by 
phlebitis In a number of the cases theie was fever for some days 
preceding the appearance of signs of phlebitis, but no fever afterward 
In others the temperature rose only after the phlebitis had been manifest 
for several days The vagaries of the temperature curve are well shown 
m the cases cited m the section relating to multiple chills In a good 
many of the cases after the period of typhoid defervescence had become 
nearly or quite complete the temperature would rise again and then run 
a long and irregular course, in the midst of which, at some time, appeared 
the signs of venous thrombosis Sometimes this post-typhoid fever was 
accompanied by chills, sometimes there were sudden, short rises of tem- 
peiature without an accompany chill and without apparent cause 

Such late and prolonged periods of fever are often regarded as 
relapses or recrudescences of the typhoid process, but it is not difficult I 
think to distinguish between a true relapse and the type of feier under 
consideration In going over the temperature charts of a large number 
of cases of typhoid I have been led to the conviction that m all uncom- 
plicated cases of typhoid the fever curie is strikinglj uniform and 
constant m it^ general type although laryimr much in its duration, it c 
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se\ erity, and to some extent, in the length of its periods of ascent and 
defervescence Any radical departure from this familiar type usually 
indicates the existence of some complication, even though the complica- 
tion may not always be readily discoverable The same statements, I 
believe, apply to the true and uncomplicated relapse There is the more 
or less gradual ascent, the period of continuous elevation and the period 
of defeivescence, and the chart of such a true relapse bears little or no 
rsemblanee to the various types of post-typhoid temperature described 
above Sudden, violent 1 emissions or exacerbations; greatly prolonged, 
slight, febrile movements, the occurrence of chills, are all indications that 
the fevei is not that of a true relapse, but is due to some complication or 
sequel In such cases, when the various other possible complications have 
been excluded, there will usually be found sooner or later some symptoms 
to indicate the existence of a thrombophlebitis Many of the sudden and 
transient uses of temperature seen during convalescence from typhoid 
and usually ascribed to errors m diet are unquestionably due to this cause 
The fact that a febrile movement may have existed for two or three weeks 
before any signs of phlebitis of a large vem have appeared cannot be held 
to invalidate this view as to the association of the two conditions, for 
there is an abundance of evidence to show that the phlebitic process may 
lemam latent, or nearly so, for a period of several weeks 

Ho entirely satisfactory explanation for the occurrence of fever m the 
course of a latent phlebitis can be given at present Bock 17 has recently 
shown by expenments on animals that the intravenous injection of some 
indifferent and sterile substance, such as paraffin, m a finely divided 
state, is regulaily followed by some rise m temperature It is possible 
that some of the elevations of temperature seen m the early stages of 
phlebitis may be caused by the separation of tiny fragments of the throm- 
botic material before the vein has become occluded Whatever may be 
the true explanation, the fact is beyond question 

h'aquez,* speaking of the behavior of the temperatuie m phlebitis, 
sajs “We believe, for oui part, that very frequently a notable elevation 
of tempeiature precedes the appearance of phlegmasia alba dolens, but 
that this delation of temperature should be sought for not on the day, 
01 the second day, before the first apparent manifestation, but often 
eight, ten or twelve days befoie v 

THE LEUKOCYTES 

In most of the cases tlieie was some rise m the number of leukocytes, 
and some increase m the proportion of the polynuclear cells, at the time 
of the appearance of frank signs of phlebitis of a laTge vein The 

17 Bock Uehcr rtcbererschcinungen nncli mtravenosen Injecboncn vornehm- 
hcli inch (Tor enter Pariikelschen Arch f exper Path u Plnrm , 1912, krai, 1 
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increased leukocyte count varied fiom 10,000 to 26,000 In some cases 
there was no appreciable rise m the leukocytes at any time, and m many 
cases a leukopenia persisted foi some time after the appearance of the 
first indications of involvement of the veins The absence of a leukoc}-- 
tosis cannot, therefore, be used as evidence against the existence of venous 
thiombosis The mciease in the leukocytes seems to depend chiefly on 
the presence of a well-marked penphlebitis 

In the present article it has been my aim, not to cover every possible 
symptom and complication of thrombophlebitis as it is seen m typhoid 
fever, but to call attention to several interesting gioups of symptoms not 
usually regarded as having any direct relation to venous thrombosis, and 
to attempt to demonstrate that such a direct relation does actually exist 
But this study of the late complications of typhoid m relation to venous 
thrombosis bi ought to light a number of intei estmg and suggestive facts 
whose significance is not yet clear, and which have not been discussed 
here, but which, nevertheless, aie worthy of study and elucidation 
Indeed, it is hardly too much to say that the whole symptomatology of the 
later weeks of typhoid requires to be studied anew from the standpoint 
of the possible relation of the various symptoms to thrombophlebitis 
For example, the relation of thrombosis of the veins of the mesentery and 
of the intestinal wall to the abdominal symptoms of t} 7 phoid is altogether 
unknown The fact that m the routine, post-mortem examination of 
typhoid cases such thromboses are rarely if ever discovered, is by no 
means proof that they do not occur Thrombosis of the smaller veins 
could readily pass unrecognized unless special attention weie directed to 
then examination In reading through the protocols of the cases com- 
plicated by phlebitis I have been struck by the frequency with which 
various obscure abdominal and intestinal symptoms occur It is possible 
that some of the attacks of sudden abdominal pam, tenderness and dis- 
tention which often closely simulate the symptoms of perforation, that 
some of the d} 7 senteric sjmiptoms , that some of the repeated, small 
intestinal hemorrhages, may have their origin m thrombosis of the small 
mesenteric veins 

Two other late complications of typhoid may be mentioned as being 
worthy of investigation as to tlieir possible connection with thrombo- 
phlebitis One is periostitis, which appeared m a number of the cases 
duung the course of a phlebitis The other is the rare complication of 
inflammation of the breasts In a woman with thrombosis of the lems 
of the legs there appeared first m one bieast and then m the other a 
phlebitis of one of the \eins near the penpheri, which was followed b) 
an cvtcnsne periphlebitis so that the condition might easily haie been 
mistaken for a pnmayv mastitis One cannot but wonder if m all the 
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instances of so-called mastitis complicating typhoid the process may not 
have begun as a thrombosis of the mammary veins 

SUMMARY 

The opinions set forth m the pieceding pages may be briefly sum- 
marized as follows 

1 Thrombophlebitis is a much more fiequent complication of typhoid 
fever than is generally supposed, and piobably occnis in fiom 10 to 15 
pei cent of all cases Its development is gradual, its course frequently 
latent for many days, and its classical symptoms usually appear only at 
a late stage of the condition The thrombotic process is apt to be much 
more extensive and more widely disseminated than the pionounced local 
symptoms would suggest 

2 Most of the pulmonaiy and pleural complications which appear late 
m the couise of typhoid aie due to embolism of branches of the pulmo- 
nary aitery, and this m turn is due to a complicating venous thrombosis 
Such emboli are usually small and their symptoms are frequently mild 
and tiansient The emboli seem to arise chiefly fiom the freshly formed, 
fuable thrombi m veins which have not yet become occluded, and their 
symptoms, m a majonty of the cases, appeal before the usual symptoms 
of phlebitis are observed 

3 The obscure, late, recuinng chills of typhoid aie regularly asso- 
ciated with venous thrombosis although the latter is frequently latent at 
the time of the appeal ance of the chills Some of the chills are certainly 
related to the lodgment of pulmonaiy emboli 

4 The symptom of “tender toes” can be shown to be associated with 
thiombophlebitis, m a majority of the cases The suggestion is made 
that this symptom may be due to nritation or inflammation of the 
plantai nerves, which is set up by penphlebitic inflammation from 
adjacent, thiombosed veins m the sole of the foot or about the heel 

5 Many of the unaccountable uses of tempeiature seen dui mg con- 
\alescenoe from typhoid and most of the piotracted and megulai types 
of "post-typhoid ’ fei ci ai e due to tin ombophlebitis 
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I 

In 1909 Neubauei and Fischer inaugurated the use of the dipeptid, 
gtyeyltryptoplian, for the detection of peptid-sphttmg power in stomach 
contents, with special refeience to the diagnosis of carcinoma Their 
report called forth a shower of comments It is not necessary to give a 
detailed account of the work, since this has been done repeatedly But it 
may be recalled that it was based on an idea of Friedrich Muller that 
stomach contents fiom caiemoma patients could carry protein cleavage 
beyond the point at which normal peptic digestion ceases, and that this 
powei was due to the presence in cancer tissue of an enzyme which could 
be secieted into the stomach 

Emerson showed that malignant growths actually contain an enzyme 
capable of splitting protein beyond the albumose phase, and m greatei 
stiength than that seen m benign growths, normal tissues, or m blood 
He found similar properties m gastric contents from cancer patients 
This work was confiimed and extended by H Fischer, and Neubauer and 
Fischer, who introduced the dipeptid glycyltryptophan as a reagent foi 
the detection of peptid-splittmg enzymes, and applied it m the study of 
a senes of clinical cases which included twelve of carcinoma The test 
consists m mixing glycyltryptophan with gastric juice, incubating the 
mixture and testing with bromm foi the rose-violet color indicative of 
fi ee tryptophan They drew the following conclusions 1 In carcinoma- 
tous stomach contents a feiment occurs, which, unlike pepsin, splits 
glyeyltiyptophan 2 The ferment is destroyed by 0 36 per cent hydro- 
chloric acid 3 The presence of the ferment is usable m diagnosis (“tst 
dxagnosUsch veriuendbar ”) Since ceitam later winters have asserted 
that the test has no diagnostic talue, we call attention to the conseivatne 
wording of the ongmal 

In the examination of contents fiom pathological stomachs the) 
recognized, a pi toi i, certain sources of erroi 1 Occurrence of trjptoplian 
in the stomach contents themselves 2 Presence of peptid splitting bnc- 

* From tlie Otho & A Sprague Memorial Institute Laboratory oi Clinical 
Research, Rush Medical College 

* Manuscript submitted for publication Sept 2 1012 
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tena 3 Piesence of tiypsm (pancreatic juice) 4 Piesence of blood 
(eiepsm). 

Concerning tiyptoplian in stomach contents as aspnated, much had 
already been written by Erdmann and Wmtermtz, Glaessner and Vol- 
hard The conclusions of these writers, confirmed by Neubauer and 
Eischer, were to the effect that tryptophan seldom occurs m normal 
cases, that it frequently occurs m carcinoma and at times m ceitam 
non-mahgnant conditions associated with low acidity, and m motoi 
insufficiency even with high acidity Neubauer and Eischer regard such 
contents as unsuitable for application of their test Concerning the 
influence of lactei la they conclude that simple filtration of the contents 
through paper is a sufficient safeguard Reflux of panel eatic juice 
interferes with the test, but since, save m cases of cessation of the outflow 
of bile, it seems hard to imagine reflux of intestinal contents into the 
stomach without bile, they advise testing for bile and discarding such 
specimens as contain it 

By the latter part of 1911 seven communications had appealed com- 
menting on this work (Lyle and Kobei, Ley, Kuttner and Pulvermaeher, 
Weinstein, Ehrenberg, Oppenheimer and Pechstein) None of the writers 
attacked the principle of the test All applied it to senes of cases All 
agreed that it was positive m most cases of cancer and negative m most 
noimal cases Tlie reaction was observed, however, m non-malignant 
conditions associated with sub- or anacidity, and found negative m some 
cases of cancer There was a manifest diveigence of opinion as to the 
exact limits of its usefulness 

Lyle and Ivober, Oppenheimei, and Pechstein repoited m the mam 
favorably, Weinstein objecting to the cost and stability of “feiment 
diagnosticum '* (the commercial toluenized solution of glycyltryptophan 
marketed by Kalle & Co, Biebrich a R ), held that a direct bromm 
test for tryptophan m the stomach contents was simpler and more 
reliable than the glycyltryptophan procedure In so doing he reverted, 
apparently unconsciously, to the older idea of Yolhard and Glaessner 
lie disagreed with Neubauer and Eischer on mmoi points, but came to 
geneially favorable conclusions, especially as regards the direct test foi 
tryptophan after a protein meal Euttner and Pulvermaeher also 
objected to the use of glycyltryptophan on the score of cost They pio- 
posed using silk peptone instead and gauged its splitting by the observa- 
tion of a precipitate of tyrosm under the microscope The 3 r made eight 
parallel tests to establish the equivalence of the two procedures, and then 
discarding the gl} evltryptophan method, made a series of observations 
with silk peptone From the results so obtained they came to highly 
unfavorable conclusions They coincide with the views of those who 
record reflux of pancreatic juice as a common occurrence, and consider 



562 


ARCHIVES OF INTERNAL MEDICINE 


the bile tests lecommended by Heubauei and Fischer as inadequate foi 
its exclusion Ley and Ehrenberg had unfavoiable expenenees 

In a second communication published m 1911, the original wnteis 
review the literature up to that time They point out that Euttnei and 
Pulvermaeher employed a test differing from their own without ade- 
quately establishing the interchangeability of the two Then analysis 
of the results obtamed by all the above-mentioned writers indicates that 
out of all definitely proven cases of caiomoma studied, 84 pei cent, and 
of the clinically diagnosed, 75 per cent, had shown positive reactions, 
while of the non-cancerous cases 14 per cent were positive The) 
reiterate their cautions concerning blood and add that serum will also 
split glycyltryptophan, m illustration of which they cite a case of uremic 
gastritis in which a positive test was encountered They disclaim ever 
having entertained the view that the test was m any sense specific "With 
the possible exception of the Bence-Jones albumose reaction m myeloma, 
clinical chemical tests are not geneially to be so legal ded Howevei, 
they maintain that when properly performed and consideied m conjunc- 
tion with other data, this proceduie is, as originally claimed, an aid m 
diagnosis 

In the meantime other reports have appealed (Hall and Williamson 
Warfield, Koehlker and Sanfoid and Rosenbloom) Hall and Williamson 
find positn e reactions m most cases of cancer but not m all They also 
find some positive leactions m non-cancerous conditions and suspend 
their judgment Warfield, working with saliva obtained fiom the mouth 
with no aseptic precautions, and relying on the use of toluene and some- 
times centrifugation for exclusion of bacterial action, finds that sain a 
mixed with a solution of glycyltryptophan and incubated splits the 
latter, to give a positive tryptophan reaction with bromm He suggests 
the possibility that bactena may be responsible for this, but drops it with 
a negatively tending reference to Weinstein, and Heubauer and Fisehei 
Acids inhibit this action The less acid m the stomach contents, accord- 
ing to Warfield, the greater the frequency of positive reactions, m benign 
as well as m malignant conditions On the other hand definitely cancel - 
ous contents with high combined acidities or with a relatively laige 
amount of lactic acid are said to yield negative tests He points out that 
although the presence of a peptid-splittmg enzyme m cancer juice seems 
to have been demonstrated (and one may add m strengths greater than 
that of normal tissues including blood), the fact that carcinoma of the 
stomach is so often accompanied b) absence of free Indrochloric acid, 
make 1 : it “just the condition most favorable for a continuance of the 
sain ary action , then m concluding says “In new of these facts the 
ghc\ltrvptoplinn test is of no value m the diagnosis of cancer’ (') 
Koehlhei working from a theoretical standpoint with other di- and 
tripe T >t>dc who=e c pittmg lie detect^ with the polarncope, find 1 - that all 
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are hydiolyzed by saliva under experimental conditions similar to those 
nsed in Warfield’s work He is conservative in ascribing these effects to 
non-bactenal enzymes, but m view of the nmveisal piesence of eieptases 
m the tissues is inclined to the view that the peptid-splittmg power of 
saliva is inherent 

In a second article Weinstein states that saliva is mcapable of split- 
ting Witte peptone (As demonstrable by the bromm test for tryp- 
tophan ) Sanders and Eosenbloom disagree with this observation From 
our own results it would appeal that saliva as obtained from the mouth 
and protected with toluene frequently splits Witte peptone sufficiently 
to cause a marked increase m the foimol-titrable nitrogen Within 
twenty-four hours of incubation, however, we have not so f ai encountei ed 
positive tiyptoplian reactions As regards the use of the glycyltryptophan 
test for cancer diagnosis, Sanders and Eosenbloom endorse the position 
taken by Warfield, that it is woithless 

ii 

Having now presented the salient features of the liteiatuie, certain 
general obseivations may be made 

The principle that carcinoma tissue contains an enzyme capable of 
splitting polypeptids and m greatei strength than is found m noimal 
tissue, blood and non-malignant new growths, has not been disputed 
All agiee that m a laige majonty of the cases of gastric carcinoma, the 
stomach contents show the power to hydrolyze polypeptids So far the 
possibility of devising a suitable procedure for detecting the cancer 
enzyme for diagnostic purposes would seem as great as it evei was But 
the piactical application of the glycyltiyptophan proceduie for this 
pui pose has yielded inconstant results m the hands of different workers, 
some noinral cases, many cases with low acidity and a few othei non- 
malignant conditions, have reacted positively, some cases of definite 
carcinoma have leacted negatively Although some wnteis, expecting 
too much from an organic chemical reaction, have gone too far m 
depreciation of the test, it must be conceded that the greatest mdefimte- 
ness m lesults has been observed among the veiy group of cases m which 
the suspicion of carcinoma is justified by already existing methods, and 
among which diffeientiation is most to be desired A non-malignant 
ca^e with low acidity is likely to react positively, an early carcinoma 
dm eloping on an ulcei base wuth high acidity is likely to be negative 
In deciding just how valuable the test is it makes a gieat deal of 
difference how we explain these lariations, the variations which occur m 
sphe of precautions such as Keubauer and Fischer recommend If reflux 
of pmcicatie juice into the stomach without the piesence of readily 
detectable bile is a frequent phenomenon, as held bv Euttner and Pulvei- 
maclier m accordance with the view of Boldeyreff and others, then the 
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test loses much of its value and no change m the details of its application 
•will be likely to restore it The pathologic-physiologic basis will have 
been undermined If, as the work of Warfield and Koehlker appears to 
indicate, saliva possesses an enzyme which hydrolyzes polypeptids, the 
test m its present form falls to the level of a mere index of conditions m 
the stomach favorable for continuance of salivary digestion Conceivably 
some means might be developed for eliminating these sources of error by 
controlling the reactions of the stomach contents or otherwise, but this 
is problematical If, on the other hand, inconsistencies m the test are 
due to imperfections in the details of the method of applying principles 
which are correct, one might hope to eliminate the objectionable features 

Concerning the two most senous criticisms, that of Kuttner and 
Pulvermacher and that of Warfield, it is interesting to note that they 
are m part opposed to one another One explains positive reactions in 
cases with low acidity by entrance of saliva through the cardia, the other 
by entrance of pancreatic juice through the pylorus Both cannot be 
entnely right If the reactions seen are due solely to saliva they aie not 
due to pancreatic juice, and vice versa The only ground foi agreement 
would be the compromise that both processes are concerned 

Now there is no doubt that saliva as obtained from the mouth does m 
many cases contain something which has the powei to cleave polypeptids 
We haie repeatedlv confiimed this observation with glycyltryptophan 
and with Witte peptone * It is equally certain that saliva passes noimally 
into the stomach Then given conditions m the stomach favorable foi a 
continuance of this action and it follows that peptid splitting must occui 
there for this reason alone In view of this considei ation it is cleai that 
the meie demonstration of polypeptid splitting powei m gastric juice 
cairies uith it no proof of any second enzyme entering from the pylorus 
Unless there aie other proofs that panel eatic juice may gam access to 
the =tomaeh than the mere detection of peptid splitting, 01 until such 
splitting is obseived under conditions which preclude the effect associated 
with saliva, one is not warranted m the assumption that am lefiuv. of 
panel eatic juice actually occurs For the combined effects of pepsin and 
■=alna aie equal to the effect of trypsin Boldyreff, Kuttnei and Puhei- 
machei and others, have never excluded this source of eiror and the 
burden oi pi oof lies with them 

Let us now consider more m detail the question of saliva If pure 
sterile sain a contains an enzyme which can split peptids, the test has a 
limited \alue If the observed splitting is due to bactena, it is Jc cs 
serious obstacle We haie tested the action of sain a before and aftei 
passage through a Berkefeld candle and have never seen any -peptid 
\ phtUnq poncr in the filleted secretion , although it uas jicqucnthj 
ohsmed in the unfiltcrcd samples, and again m the filtered, aftei the'e 

*Fn -ome -'imples of «.ilnn Iio\\e\er, mo in\o failed to denion-trate «m pepto 
Ktu power 
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had been inoculated with a mere loopful of the formei The process of 
filtiation did not raipan the amylolytie power of the saliva and we feel 
safe m the assertion that non-filter able bodies in the saliva are responsible 
foi its apparent pephd splitting action These non-filterable bodies aie 
heie regai ded as bacteria, although some have suggested the possibility of 
a selective filtration of enzymes Theoretically it would make no essential 
difference as to the effects which are seen m the stomach contents whether 
the action were bacterial or due to a secieted enzyme The same chemical 
conditions might favor eitliei, and on the othei hand, high acidities, 
whethei due to HC 1 or to an unusual quantity of lactic acid, would check 
bacteria as well as the enzyme Wai field’s results might be intei pi eted m 
tins v ay as well as m anothei All aie familial with the inhibition of the 
giowtli of certain bacteria m milk or m the bowel by the predominance 
of lactic acid bacilli and their product Practically it is certain that 
whatevei gives saliva its peptolytic power this can be effectually elim- 
inated by mechanical means. Toluene is not free from objections 

Since heretofore no greater precautions have been taken in the study 
of peptolysis m stomach contents than m saliva, it is obvious that unless 
the conditions m the stomach are such as to cheek bacterial action alieady 
begun the same lemarks apply here as have just been made foi saliva 
concerning the chances of confusing bacterial action with that of native 
enzymes Especially when there aie infected teeth, gums 01 tonsils, and 
catanhal piocesses m the nasopharynx 01 ragged ulceiation m the gastric 
mucosa itself, will the chances foi bacterial action be great The expen- 
ments made by Neubauer and Fischer to determine how much attention 
fiiould be paid to bactena did not exclude the possibility that a hetero- 
geneous mass of organisms m such culture media as may occur m subacid 
stomach contents, may actively split peptone Nor is the simple filtration 
thiough papei, which they recommend, a reliable safeguard against this 
source of erroi Papers vary, some are fanly effective, others not 
Up to this point, then, we find no basic objection to then te=t but 
see m the inadequate provisions foi excluding bactena one explanation 
foi disagreement among different observers There are also other points 
fo be considered Wien gastric juice is mixed with a solution of 
gh ci 1 tryptophan and the cleavage of the latter is detected by application 
of a bronnn test, we end with a delicate and easily-masked color reaction 
« purely quahtatne test permitting scarcely a guess as to the extent of 
fhc splitting Even then we are dealing solely with the cleavage of a 
sivqlc dtpcphd A given stomach content might cleave other peptids m 
greater quantity m one case, less m anothei The substitution of "Witte 
peptone or silk peptone for gljci ltryptophan introduces a theoretical 
difference even though m the end we gauge the cleavage by testing 
qualitatively for a single end-pioduct If we use Witte peptone and rely 
on the bronnn test as an index of its splitting, we fail to observe anv 
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cleavages except those which m the end liberate free tryptophan , hence 
consideiable hydrolysis of this substance can occur before a positive 
bromm test is obtainable The same applies to the use of silk peptone 
and obsei vance of the tyrosm precipitate On the other hand, a positive 
test implies a whole succession of hydrolyses which have earned the 
peptone down to its simplest components Tor this very reason peptone 
may be a more suitable substance to use for clinical purposes Theoiet- 
leally glycyltryptophan should be a more delicate reagent than peptone 
under these conditions, because it cannot split at all without giving the 
substance (trjqatophan) used as the index Possibly it is too delicate for 
clinical purposes 

The greatest consistency in results might be expected fiom a quanti- 
tative method which would tell us the total peptid splitting power of a 
given gastric juice, acting under definite conditions for a definite time 
on a uniform mixture of polypeptids Such a test should give us a set 
of figures from which to diaw conclusions as to the amount of splitting 
which is to be legarded as normal, what the limits for the noimal aie, 
how much splitting power a positive qualitative tryptophan test corre- 
sponds to, how much splitting can occur m the non-malignant diseases, 
how much m cancer, etc Such lelative figuies based on a series of 
observations natuially would not be regarded as absolute, but they should 
enable us to classify stomach contents on the basis of polypeptid splitting 
power in the same way that we now compare them on the basis of acidity 

Tor this puipose we have used a 2 per cent aqueous solution of 
Witte peptone which is mixed with gastric juice and subjected to formol 
titration m accordance with the method of Konchese-Malfatti-Sorenson 
Aftei titration of a 10-c c sample of the mixture the remainder is placed 
m the incubator and after twenty-four hours retitrated The excess of 
peptone by combining any free acid which may be present makes further 
neutralization unnecessary 

In applying this method m a series of cases, we have aimed especially 
to ascertain (1) whether normal gastiic juice and saliva split peptone 
at all, and, if so, to what extent, ( 2 ) how much of the peptid-splittmg 
power which has been observed m saliva, and m gastric juice of non- 
malignant diseases, is due to bacteria, and whethei, if the action of 
bacteua is certainly excluded, tlieie still remains m such gastric juices 
ail} splitting power which would have to be ascribed to lefiux of pan- 
ceratic juice unaccompanied by bile, (3) how much of the peptid split- 
ting seen in cancer cases is due to bacteria and how much is due to other 
causes (e g , cancer enzjme) , (4) the talue m diagnosis of the quantita- 
tne method as compared to that of simph testing foi tnptophan m the 
Witte peptone, gastric juice mixtures after incubation and in general the 



J L JACQTJE — R T WOODYATT 


567 


diagnostic value of any method for detecting polypeptid 01 peptid split- 
ting power m gastnc juice 1 * * 

m 

The results obtained may he summarized as follows 

Saliva as obtained from the mouth, filtered simply through paper and 
incubated undei toluene, often but not always has the power to split Witte 
peptone and gly eyltryptopli an But if the saliva is filtered through a 
Berkefeld candle and kept aseptic, all detectable peptolysis disappears 
The same is tiue foi its power to split glycyltryptophan If the aseptic 
peptone-saln a mixture be inoculated with a drop of unfiltered saliva, 
peptolysis again occurs (Table 1) 

The peptolytic potter of gastric juice (and blood) has been estimated 
m teims lepiesentmg the increase m the number of cc of N10 KOH 
lequned m the foimol titration of 100 c c gastric juice (or serum) with 
200 c c 2 per cent Witte peptone solution aftei twenty-four hours incu- 
bation at body temperature This figure, here designated as the pepto- 
hjiic index, is used for comparisons 

The peptolytic index for pure, fresh blood-serum fiom healthy mdi- 
Mduals was found to average 8. part of the rise being due to autolysis of 
the serum itself 

Foi noimal gastnc juice as studied m forty cases, the minimum was 
0, maximum 18, average 10 5, or about that found for serum In none 
of the forty cases was there a positive color test foi tryptophan before or 
aftei incubation with peptone solution (Table 2) 

In ten cases of hyperacidity the minimum index was 0, maximum 6, 
6% ei ago 0 (lower than the normal) (Table 3 ) 

In twenty-two cases of subacidity and anacidity m which the free 
IIC1 inn fiom 10 to 0, total acidity 20 to 5, the maximum peptolytic 
index was 33, minimum 0, aveiage 9 (Tables 4 and 5) 

The indices, then, were lowest m hyperacidity, a little higher in the 
normal, a little higher yet m some of the stomach contents from cases of 
an- and subacidity Eoi this entne group of seventy-six normal and 
noil-malignant cases the mveise relationship between acidity and pepto- 

1 had intended also to compare tlie results obtained bv the Neubauer and 
1 ischer method ruth tho=e obtained bv simple substitution of Witte peptone for 
phc\ ltnptophnn, and those of the quantitative method herein described But at 
the tune tins work was begun (some two veers ago) we bad trouble in obtaining 

ferment chaonovticum ” We regret, therefore our inability to state whether m 
a long series of cases substitution of Witte peptone for the dipeptid is moie or 
le-s nd\ intneeous except ba comparing our rcsuBs with the published results of 
olher^ Such comparison surr<rests that Witte peptone is less Mela to yield a 
pr>Mtiac> ro'iilt In non mahcnanl conditions •Mid equalh Tellable in cancer cas^s 

I’er! -ps G’laralt’wpiopbnp for reasons alre^da* went oned, is too sensitiae The 

pr P 4 oro clicipcr 
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lysis as observed for glyeyltryptophan by Warfield, seems to hold good 
Tryptophan reactions were, however, uniformly negative 

One case of non-malignant stenosis gave a positive tryptophan reac- 
tion with bromm In this instance stomach contents were examined on 
three different days The indices ran 0, 7 and 9, average 5 3, oi well 
within the normal limits This shows the possibility of encountering 
now and then a positive color reaction with what may be regarded as a 
^normal” peptolytic power It explains possibly some of the discrep- 
ancies m results obtained by qualitative methods Since theoretically 
“ foment diagnosticum , " should show free tryptophan to the bromm test 
with a slighter peptid splitting power than with peptone, for reasons 
already given (p 566) it may well be that this dipeptid is even moie 
likely than peptone to give a positive result with a normal case 

Four of the samples m the subacidity series which showed the highest 
peptolysis weie filtered through a Berkefeld filter and mixed with pep- 
tone solution under aseptic conditions In cases so treated the index 
always became 0 (Table 5, Cases 113, 114, 115, 117 ) This observation, 
together with the point previously mentioned, that m non-malignant 
cases peptolysis and acidity are m an inverse relationship, indicates that 
m these benign cases, peptolysis is due to bacteria whose action is 
inhibited by acid 

Twenty-three cases of cancel have been studied from which thirty- 
three samples of gastric juice were obtained (Tables 6 and 7) In all 
cases the diagnosis was made at operation or at autopsy Six of the 
malignant series were cases of carcinoma developing on an ulcer base, 
with free HC1 between 15 and 20, total acidity 60 to 70 (Table 6, last six 
ca^es) In this group, m spite of acidities above those of the non-malig- 
nant cases, the indices ran, maximum 72, minimum 48, average 69, i e , 
the minimum index is once and a half that of the maximum found m 
forty normal and thirty-six non-malignant subacidity cases The tryp- 
tophan reaction after incubation with Witte peptone was positive in all 
These findings do not confirm the views of Warfield that peptolysis is 
due to a sain an enzyme which fails to act when the acidity is high 
Twelve of the fourteen cancer cases with free HC1 0, and total acidity 
between 5 and 10 (Table 7), gave indices as follows maximum 165, 
minimum 63, average 98 5 , i e , the least index was twice as great as the 
maximum non-malignant figure encountered, while the maximum was 
fix e times as great The average was nearly ten times that of the normal 
average (10 5) 

The qualitative tryptophan test was positive m thirteen of the four- 
teen, and failed m one case (Case 75) m spite of the low acidity and the 
excessive peptolysis shown by titration Two of the fourteen cancer cases 
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(Table 7. Ca'es 60 and 86) gave indices not so greatly exceeding the 
highest non-mahgnant figures 

In four cases doubt bad existed as to the diagnosis In each of these 
the free HC1 and total acidity were 5 and 15, respectively (by coinci- 
dence) The peptolytic indices by the antiseptic method averaged 148, 
minimum 120, maximum 165 The tests m this senes were also made by 
the aseptic method (filtration through a Berkefeld candle and subsequent 
use of sterile pipettes and flasks without toluene) The indices then 
averaged 97 5, maximum 105, minimum 87 Peptolysis was reduced by 
the filtering, but only moderately so and remained on the average nearly 
ten times as high as the normal average, even when for the latter we take 
the figures of the toluene method Exploratory operation was made and 
letealed carcinoma m each ease (Cases 99, 112, 120, 122, Table 7) 


TABLE 1 — Tests with Saliva 

Sain a, 1 part, sterile peptone solution, 2 parts Of the mixture 10 c c sub- 
jected at once to formol titration, a second 10 cc incubated for twenty -four 
hours with addition of acid or alkali as indicated under remarks A indicates 
that toluene was used for antisepsis, B, that the saliva was filtered through a 
Berkefeld filter and handled aseptically The table shows comparative effects of 
toluene and filtration, also the high peptolysis when neither is used 

Formol Titration 


No of 
E\per 

Before 

Incuba- 

tion 

After 

Incuba- 

tion 

Rise 

Br 

Test 

I 

1 5 

20 

0 5 

0 

II 

1 1 

21 

1 0 

0 

III 

1 0 

13 

03 

0 

IYa 

09 

1 1 

02 

0 

IYb 

09 

11 

02 

0 

IVc 

09 

1 0 

0 I 

0 

' Vi 

1 I 

1 3 

02 

0 

Vb 

1 I 

72 

6 1 

0 

Vc 

1 1 

1 1 

00 

0 

- VI 

1 4 

1 4 

00 

0 

VII) 

14 

2 5 

1 1 

0 

VII 

4 5 

4 5 

00 

0 


Remarks 


A No addition of acid or alk 
A Made alkaline to litmus 
A Made alk to phenolphthalem 
A Added N/10 to make 18% 

A Added N/10 to make 36% 

A Added N/10 HC1 to make 18% 
A No addition 
Same with toluene omitted 
B No addition 
B No addition 

Same reinfection with fresh sain a 
B No addition 


In one case the contents were obtained at autopsy By the usual 
method of examination with filtration through paper and incubation 
under toluene, the index was 186 , with no toluene added it was 219 , 
after filtration through porcelain without using toluene, 129, showing the 
inhibiting effect of toluene to be less than that of filtration The figures 
obtained in the last five cases cited also show that neither filtration nor 
toluene, nor a combination of the two will eliminate the peptolytic power 
from certain cancerous stomach contents from which it is apparent that 
unlike v hat was found for benign and normal conditions, we have to do 
m cancer cases with two peptolytic fractions, vi 7 , microorganisms and 
‘•nmetlnng filterable The filterable peptolyzmg agent might be regarded 
(y ““ extracellular enzvme from bacteria or a ferment from cancer 
Mh vi and normal gastric juice and that from subacidity cases however. 
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TABLE 2 — Tests with Gasteio Juice — Normal Cases 

Table made from the data obtained m forty cases No symptoms m any 
Free HC1, 30 40 Total acidity, 50-60 in all Bile, blood and lactic acid tests 
negative m all Table includes the extremes and averages of 40 cases 



— Formol Titration 



-p 




Case 

Before 

After 


c/3 

o 

H 

Acidity 

Remarks 


Incuba- 

Incuba- Rise 

f-t 

HC1 

Total 


tion 

tion 


m 


65 

6 

1 2 

6 

0 

30 

58 

Case which showed greatest 

121 







peptolvsis 

5 

5 

0 

0 

39 

56 ) 

Two characteristic cases with 

63 

S 

8 

0 

0 

40 

58 ) 

no demonstrable peptolysis 

Av 

6 

95 

35 

0 

35 

55 

Averages from 40 cases 

Peptolytic index Max 

IS, 

Mm 

o 

!> 

<! 

10 5 



TABLE 3 — Tests with Gastric Juice — Hyperacidity Cases 

Ten cases, with HC1 50 80, total acidity 70-110 Bile, blood and lactic acid 
always absent and no sign of dilatation or obstruction Symptoms such as 
occur commonly m “hyperclilorhydria” with nothing to suggest, directly, ulcer or 
other organic stomach disease, (or, no symptoms, the hyperacidity having been 
discovered by routine) 



— Formol Titration — 

-p 




Case 

Before 

After 


to 

o 

H 

Aciditj 

Remarks 

No 

Incuba- 

tion 

Incuba- 

tion 

Rise 

W 

HC1 

Total 

3 

3 

3 

0 

0 

60 

70 


14 

2 

2 

0 

0 

60 

75 

Epileptic 

21 

2 

2 

0 

0 

65 

90 


32 

2 

2 

0 

0 

70 

98 


44 

12 

12 

0 

0 

50 

70 


46 

1 2 

14 

2 

0 

81 

109 

Morning aspiration 

48 

10 

1 0 

0 

0 

56 

76 


50 

16 

1 6 

0 

0 

69 

85 


41 

1 5 

1 5 

0 

0 

63 

111 


52 

6 

6 

0 

0 

72 

86 



Peptolytic index Max 6 0 , Mm 0 , Av 6 


TABLE 4 — Tests with Gastric Juice — Subacidity Cases, A 
Ten cases with free HC1 10 15, total acidity 25 30 Bile, blood and lactic acid 
tests uniformly negative 



— Formol Titration — 
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Case 

Before 

After 


03 

O 

H 

Acidity 

Remarks 

No 

Incuba- 

tion 

Incuba- Rise 
tion 

p 

n 

HCl 

Total 


23 

8 

8 

0 

0 

12 

25 

Symptoms m these cases were 

24 

1 5 

1 5 

0 

0 

8 

15 

mild, e g, anorexia, weight 
or distress p c with head- 

25 

1 0 

1 2 

2 

0 

10 

20 

51 

1 0 

1 3 

3 

0 

10 

2G 

ache and neurasthenic svmp- 

53 

4 

7 

3 

0 

10 

30 

toms Phvsical findings 

64 

0 

1 3 

4 

0 

5 

12 

were negatne, no ptoses, 

SS 

1 3 

1 3 

0 

0 

10 

20 

no dilatations, no motor 

100 

7 

1 0 

3 

0 

12 

15 

mcufliciencies In three cases 

104 

7 

1 0 

n 

O 

0 

10 

25 

diarrhea vas present 

54 

9 

1 5 

6 

0 

6 

24 


Peptolytic index Max 

IS, 

Mm 

0, Av 

72 
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completely lose tlieir peptolytic power with suitable filtration, from which 
it would appear that filtration is adequate for eliminating bacterial action. 
Otheis have shown that cancer tissues, aseptically piepared, do contain 
a peptolytic enzyme Therefore it seems more plausible to ascribe the 
tilteiable agent to the cancel Our own work, however, does not finally 
establish this point Possibly a cancerous mucosa lodges bacteria which 
do not thrive under other conditions 

TABLE 5 — Tests with Gastric Juice — Subacidity Cases B 

Sivtcen ta^es Fiee 1IC1 0 , total acidity 8 to 30 In four of these cases (113, 114, 
llo, 117) filtration was earned out through a Berkefeld filtei with subsequent 
aseptic handling, and also by the usual paper filtration with subsequent antiseptic 
(toluene) treatment 



Toimol Titration 









Case 

No 

Before 

After 


U1 

CJ 

Erl 

Acidity 

a 

•4-3 


o 

Remarks 


Incuba- 

Incuba- Rise 


HC1 

Total 

o 

ci 

CP 

Q 



tion 

tion 


FQ 



>-5 

(3 

w 


49 

9 

12 

3 

0 

0 

8 


0 

0 

Filtered through paper 











toluene added 

62 

1 5 

17 

2 

0 

0 

10 


0 

0 

Same as above 

OS 

1 G 

1 S 

2 

0 

0 

10 

0 

0 

0 

Same as above 

70 

6 

13 

7 

0 

0 

12 

0 

0 

0 

Same as above 

73 

S 

1 2 

4 

9 

0 

6 

0 

0 

0 

Same as above 

95 

1 2 

1 G 

4 

0 

0 

10 


0 

0 

Same as above 

100 

12 

14 

2 

0 

0 

30 

0 

0 

0 

Same as above 

109 

5 

8 

3 

0 

0 

30 

0 

0 

0 

Same as above 

116 

1 5 

15 

0 

0 

0 

10 

0 

0 

0 

Same as above 

111 

1 0 

17 

1 

0 

0 

12 

0 

0 

0 

Same as above 

00 

0 

9 

3 

0 

0 

8 

0 

0 

Of 

Same as above 

71 

7 

18 

1 1 

0 

0 

22 

0 

0 

0 

Same as above 

J 

113 

2 

4 

2 

0 

0 

10 

0 

0 

0 

1 

Same as above 

113 

2 

o 

0 







(Aseptic) 

111 

1 1 

17 

2 

0 

0 

10 

0 

0 

0 

Same as above 

114 

1 3 

1 5 

0 







( Aseptic ) 

115 

0 

1 1 

5 

0 

0 

12 

0 

0 

0 

Same as above 

115 

6 

6 

0 







(Aseptic) 

117 

1 2 

2 1 

9 

0 

0 

10 

0 

0 

0 

Same as above 

117 

1 2 

12 

0 







( Aseptic ) 


Veptol\tic*inde\ Max 33, Min 0 Av 10 5, 16 cases (usual method) 
lepton tie index Max 0 Min 0 A\ 0 4 cases (aseptic method) 

Tlnee cases of carcinoma showed indices of 0, 6 and 12, no higher 
Ilian the benign senes, and hence negative (Table 6, Cases 33, 87. 92). 
In one of these cases there was the high lactic acid content which War- 
field found associated with negative gly c\ Itryptophan reactions, m the 
otheis the acidities were low In all, SS per cent of the cancer cases 
v.Cic resit ne by the quantitative method S3 per cent b) the qualitative 

O 1 c e\ erf's -six lion-malignant case® onlv one gate a positive trvptophan 
tc=t 
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In the senes of cases here reported, the maximum index found m any 
of seventy-six benign cases by the toluene method -was thnty- three, and 
this was seen m but one case The mmimum index in the cancer cases, 
barring three, was forty-five Tor practical purposes we may say then 
that when reliance is placed on paper filtration and toluene 

Indices of 0 20 are negative 
Indices of 20-40 are suspicious 
Indices of 40 and over are positive 


TABLE 6 — Malignant Cases 

Nine cases of carcinoma with free HCI, 0 to 20, total acidity, 5 to 70 Diag- 
nosis confirmed m all hut two obvious cases either at operation or at autopsy 


Case 

Foimol Titration 

tn 

a> 

E__| 

Acidity 



No 


First 

Second 

Rise 

3 

HCI 

Total 

Bile 

o 

o 

3 

33 


12 

1 4 

2 

0 

0 

6 

0 

0 

87 


1 2 

1 2 

0 

0 

0 

36 

0 

0 

92 


1 5 

1 9 

4 

0 

0 

5 

0 

0 

118 

‘AM 

17 

40 

23 

+ 

10 

30 

0 

0 


20 

44 

24 


8 

21 

0 

0 

37 

AM 

21 

46 

25 

+ 

15 

70 

0 

0 


16 

40 

24 


18 

60 

0 

0 

61 

AM 

14 

38 

24 

+ 

20 

70 

0 

0 


14 

37 

23 


15 

65 

0 

0 

81 

AM 

13 

4 1 

23 

+ 

10 

70 

0 

0 


17 

43 

26 


12 

60 

0 

0 

82 

AM 

16 

3 9 

23 

+ 

6 

53 

0 

0 

20 

4 1 

2 1 


15 

63 

0 

0 

83 

AM 

1 3 

29 

1 6 

+ 

8 

60 

0 

0 


1 4 

3 8 

24 


15 

60 

0 

0 


o 


o 

a 




Remarks 


++ 

++ 

0 


{ Negative Cases All were oper 
ated on Cases 33 and 92 show 
ed cancer at lesser curvature, 
I Case 87 cancer at pylorus Note 
I low acidity m two cases 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


'v 


Six cases of malignant disease 
with high total acidities, car- 
cinoma of pylorus found at op 
‘ eration m each case Marked 
rise in every case m spite 
of acidity 

Peptolytic Index Av 69, 
Max 72, Mm JjS 


* A M = Material aspirated m morning before giving test breakfast 

Theie is no doubt that the significance of demonstrable peptolysis of 
even moderate degree, if observed in aseptic specimens, m much greater 
than that seen when it is necessary to allow leeway for bacteria and 
establish empiric borders From the senes of ten non-malignant cases m 
which we have filtered gastric juice through a Berkefeld filter all pepto- 
lysis has disappeared, and it is anticipated further work will show tha 
any peptolysis which survives filtration of this sort is abnormal and like j 
to mean cancer, provided always that gastric juices containing bile be 
excluded For accurate work the aseptic method should be used exclu- 
sively It will be found most practical, perhaps, for ordinary dimca 
purposes to dispense with filtration m cases with ^ery low and verj hi 0 l 
indices and apply it m case of uncertainty i e , when the figures are 
between 20 and 40 
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It is also impoilant to exclude bacteria ■when using the qualitative 
test, since those present m non-malignant cases will sometimes cause a 
positive leaetion It is possible also that an overgrowth of certain forms, 
such for instance as lactic acid bacilli, may be responsible for a negatne 
result m a cancel case 


TABLE 7 — Maiiqnant Cases 

Fourteen cases of carcinoma with free HC1, 0 to 20, total acidity, 5 to 70 
Diagnosis confirmed m all hut two obvious cases either at operation oi at autopsy. 


Case 

Fonnol Titration 

CO 

o 

Acidity 



o 


No 








o 


Remarks 

First 

Second 

Rise 


HC1 

Total 


o 

ei 










K 



8G 

22 

4 0 

1 S 

+ 

0 

5 

0 

0 

+ 

Clinical diagnosis — cancer — 

93 

21 

42 








confirmed at operation 

2 1 

+ 

0 

5 

0 

0 

+ 

Obvious mass, metastases, cach- 
exia, death, no autopsy 
Clinical diagnosis of cancer 

101 

2 2 

4 G 

24 

+ 

0 

5 

0 

0 

+ 

102 


4 4 







confirmed at operation 

2 2 

22 

+ 

0 

5 

0 

0 

+ 

Clinical diagnosis of cancer 

n *• 


4 5 








confirmed at operation 

•u 

O Q 

23 

+ 

0 

5 

0 

0 

+ 

Clinical diagnosis of cancer 

58 

2 4 

4 G 

24 

+ 

0 

5 

0 

0 

0 

confirmed at autopsy 

Clinical diagnosis of cancer 

GO 

2 2 

37 

1 5 







confirmed at autopsy 

+ 

0 

10 

0 

0 

0 

Clinical diagnosis of cancer 


O 


30 

0 






confirmed at autopsy 

(iJ 

*» i. 

3 1 

0 

10 

0 

0 

0 

Clinical diagnosis of cancer 

7G 

n r* 

52 

30 







confirmed at autopsy 

1 9 

+ 

0 

10 

0 

0 

0 

Epigastric tumor, nodular liver, 
cachexia, no autopsy 

Clinical diagnosis of cancer 

84 

4 O 

2 1 

+ 

0 

8 

0 

0 

? 

09 

1 5 


5 5 

+ 






confirmed at autopsy 

7 0 

0 

5 

0 

0 

+ 

Clinical diagnosis, “suspicious”. 

out 

112 

1 5 

1 5 

5 0 

70 

3 5 

5 5 

+ 

+ 

0 

10 

0 

0 

+ 

carcinoma at operation 

Clinical diagnosis, doubtfuTp 
operation — death, autopsy . 

112t 

120 

1 5 

1 5 

4 4 

5 5 

29 

4 0 

+ 

+ 

0 

5 

0 

0 


carcinoma 

Clinical diagnosis doubtful Op- 







, 




eration showed posterior wall 
carcinoma with glandular and 

120f 

122 

1 5 

1 C 

4 8 

G 2 

33 

4 9 

+ 

+ 

0 

G 

0 

0 

+ 

hepatic metastases 

Clinical diagnosis of cancer 

122t 

1 3 

4 3 

30 

+ 






confirmed at autopsy 


t^A'eptic method 

1 eptohtie mde\ an(, ..optic (toluene) method Mn\ 1G3, Mm 45 Ai 107 


CONCLUSIONS 

1 Sain a free from bacteria does not split Witte peptone noi gl}cvl- 
Irypiophan. 

*- formal gastric juice free from blood, bile (trypsin) and bacteria 

has no peptohnc power. The same holds true for cases of benign suh- 
acidin 
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3 Peptolytic and peptidolytie action exhibited by saliva, and so-called 
“tryptic” digestion m the stomach when there is no bile to indicate leflux 
of intestinal contents, are usually due to unfilterable agents (bacteria) 

4 There is no incontestable evidence to show that pancreatic juice 
unaccompanied by bile ever gams access to the stomach (except m cases 
with acholic intestinal contents) 

5 Toluene is inadequate for the exclusion of bacterial action m 
experiments with saliva and gastric juice 

6 In about 88 pei cent of developed cases, caicmomatous stomach 
contents show a peptolytic power two to ten times the maximum seen m 
benign conditions m general This is due m part to bacteria, but high 
peptolysis persists after filtration through a Berkefeld and subsequent 
aseptic handling 

7 Witte peptone may be advantageously substituted foi " ferment 
diagnosticum” m the Neubauer and Fischer qualitative test, with results 
m malignant cases as good as any that have been published for glycyl- 
tryptophan itself In non-malignant cases it has been positive but once 
m seventy-six normal and Subacid cases 

8 The quantitative method herein described yields slightly more 
uniform results than the qualitative procedure m cancer cases It has 
never been found “positive” m seventy-six normal and non-malignant 
cases 

9 The detection or measurement of peptolytic power m gastric juice, 
if carried out by any suitable method, is of considerable value m the 
diagnosis of cancer 

10 It is of value in any case, and essential m doubtful cases, to 
eliminate bacteria by passage of the gastric juice through a Beikefeld oi 
other equally effective filter, with subsequent aseptic precautions 

IV — EXPERIMENTAL 
HATER IAL 

Saliva was obtained from different members of the laboratory staff The 
mouth was rinsed with water and the flow promoted by masticating a bit of 
parafhn Samples from different individuals were used m some experiments, 
mixtures m others The material was filtered through paper or through a 
"Berkefeld candle as indicated on the charts 

Stomach contents were obtained by aspiration one hour after a test breakfast 
■consisting of 30 gm bread and 200 cc water In most instances the stomach 
was emptied m the morning prior to giving the test breakfast, and the results 
■of both aspirations examined Unless specified on the charts as “morning aspira 
tion” the material is understood to have been obtained after a test breakfast In 
•one case the material was obtained at autopsy Each sample was subjected to 
a. test for bile (dilute alcoholic 10 dm) , for blood (Weber) , lactic acid (Uffelmann), 
and the usual routine titrations, with demeihy I amido-azo benzol and phenol- 
phthalem A direct test for trvptophan with dilute bromin water or bromin 
vapor was also made Samples giving positive bile or blood reactions or having 
a yellow or greenish color even in the absence of positive tests, vere not used 
The material was filtered through a folded filter or a Berkefeld candle, or both, 
as indicated in the records 
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Vases were diawn from tlie Cook County and Presbyterian hospitals, Chicago, 
the dispensary of Rush Medical College, the private practice of Dr Jacque and 
scattering sources It has been necessary m some malignant cases to lely on 
the word of the operating suigeon for the final diagnosis, without histological 
examination Cases of this sort which have been included have been operated 
on by surgeons of known competence For help m obtaining cases, records and 
material, we are especially indebted to Dr Donald Abbott, interne in Cook County 
Hospital We also desire to acknowledge the suppoit of Dr Frank Billings, 
Dr Janies B Ilcinck, Di A D Bevan Di J Davis and otheis, for use of material 

METHODS 

Peptone Solution — A 2 per cent solution of Witte peptone is filteied through 
a folded filter, distributed m 60 c c flasks, sterilized m an autoclave and kept 
on ice If the flasks are both cotton- and coik-plugged, the stock solution 
keeps its titer for a long time One flask is used for each set of expenments 

PRO CEDE RE 

A (Antiseptic) Ten ec gastric 3 uiee (filteied through a folded filter) 
are measured into a flask by means of a pipet To this are added exactly 20 c c 
peptone ‘solution and, aftei mixing, a layer of toluene is added Exactly 10 c c of 
the mixture are withdrawn from under the toluene with a pipet and subjected 
to formol titration as follow's To the 10 ee of mixture add 50 ce H ; 0 and 
5 drops of 1 per cent alcoholic phenolplithalem, then N/10 KOH to the first 
permanent pink tint Take 5 cc liquor formaldehydi diluted with 10 cc watei, 
add 5 drops phenolphthalem and neutralize m the same way Add the neutral 
formol solution to the neutral peptone gastric juice mixture The mixture 
becomes acid Titrate back to the first permanent pink and note the number of 
tenth cubic centimeters lequircd 2 

2 Rote — In using plicnolpthtlialem as mdicatoi and bringing to the fust 
permanent pink both for the original neutralization and m the final titration, we 
intentionally disregard the criticism that for absolute values neutralization with 
litmus and a final titration to violet wuth phenolphthalem is preferable These 
figures are purely relative and the use of phenolphthalem as proposed by Malfatti 
for the urinary NH- is quicker and more satisfactory for this purpose 

The remaining 20 cc of peptone gastric juice solution (a) are placed in the 
incubator for twenty -four hours (stoppered) and at the end of this time 10 cc 
are withdrawn and treated as before The first titration figure is subtracted 
from the second and the difference is an expression of the peptolysis which has 
ocurrcd m a mixture of 3 y s c c gastric juice with 6% c c peptone solution 
(“Rise”) The rise multipled by 3 and by 10 gixes the figures for peptolysis 
in 100 c c gastric juice with 200 c c Witte peptone solution “ (Peptolytic Index) ” 
II hen sufficient material is ai atlable it is preferable to use double quantities of 
gastric juice and peptone solution for the titrations 

B (Aseptic) The gastric juice is passed through a sterilized kaolin filter 
(Berkcfeld) and subsequently handled in sterile pipets and flasks which are 
plugged with both cotton and cork No toluene is used 

The qualitative test is peiformed by simply adding cautiously to 5 c c of the 
solution to be tested a drop or two of dilute bromin water and observing the 
delicate rose or rosenolet tint which occurs m presence of tryptophan 
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the relation oe the virulence of THE 

. TUBERCLE BACILLUS TO ITS PERSISTENCE 
IN THE CIRCULATION ! 

ALFRED F HESS, MD 

NEW YORK 

Bactena frequently gam access to the circulation Howevei, theie 
is still a maiked difference of opinion as to how frequently this oceuis 
and how sei ious this invasion is, some believing that it is a phenomenon 
always accompanied by marked systemic disturbance, otheis that if the 
numbei of bactena is small, the body rids itself of the invaders without 
the aid of any general reaction It is known that microorganisms aie 
eliminated from the circulation chiefly by way of the kidneys and of 
the li\ei, but it is not known what the determining factois are Are 
the bactena filtered from the blood stieam by means of the tissues, m 
the same way as inert foieign particles, for example, as would be the 
case if an equal amount of egg white had found its way into the blood, 
01 does this mechanical process play a role secondary to othei finei 
defensive processes 9 

The following investigation was undertaken primal lly to obtain some 
answei to a simple question, to discover whethei, quite independently 
of then power of multiplication, a direct relationship exists between the 
vnulence of bacteria and their ability to maintain an existence m the 
circulation It seemed as if the tubercle bacillus presented an unusual 
opportunity for a study of this nature For, as is well known, the bovine 
type of tubeicle bacillus is highly virulent for rabbits when a small 
fi action of a milligram is injected intravenously, whereas the human 
type of this bacillus is but slightly virulent, possessing the power of 
giung use to meiely local lesions m the lungs and m the kidneys, which 
do not disseminate the disease or result m the death of the animal The 
tuo types of bacilli are almost alike morphologically, and multiply so 
slowly as to make this factor negligible m an experiment of short dura- 
tion Their chief and preeminent difference is that of virulence A 
series of tests was therefore instituted, which, briefly stated, consisted 
m inoculating a measured quantity of human and of bovme tubercle 
bacilli into the circulation of rabbits, and of determining whether they 
persisted in the blood-stream for approximately the same length of time 

•Submitted for publication Aug 19 1912 

•From tbo Research Liboratorv, Department of Health, New York City 

•Promoted before the Society for Experimental Biology and Medicine April 
17, mm 
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The experiments were planned as follows Four rabbits weie 
injected for each test, two with a human type of bacillus, the other two 
with the bovine type , in each case 01 mg and 1 mg of a culture was 
suspended m a salt solution and injected into the ear vein These four 
animals, which weie of about equal weight, were bled at regular intei - 
vals, geneially one-half hour, one horn, two hours and three liouis after 
inoculation, 5 c c of blood being caught in a solution of sodium citrate 
Thus there were eight specimens taken from the two rabbits inoculated 
with the human tubercle bacillus, and eight fiom the two inoculated 
with the bovine bacillus These sixteen specimens of blood were imme- 
diately injected subcutaneously into as many guinea-pigs, and after six 
weeks these animals were examined foi tuberculosis 

In addition to a series of expeiiments of this description, others were 
undertaken m which the rabbits were bled soon aftei inoculation, or 
after a period longer than three houis following the injection of the 
bacteria Furthermore, it was possible to test the blood of a large num- 
ber of labbits which, m the couise of lanous laboratory woik, had been 
inoculated with bovine or with human tubercle bacilli, and to study, m 
this connection, the relation of bacteremia to the tuberculous condition 
of the animal — a subject which m the field of human pathology has 
been the center of much discussion during the past few years, and 
which we touched on only incidentally 

It will be seen fiom the accompanying table (Table 1) that six 
experiments, of the type which has been outlined, were successfully 
carried out Others were undertaken, but owing to difficulty m bleeding 
the rabbits, to occasional clotting of the blood, to the piemature death 
of some of the guinea-pigs, or to other unavoidable causes, they had to 
be altogether rejected 

The table shows our results more eleaily than mere descuption If 
we take the first experiment, for example, we find that of the eight 
pigs inoculated with the blood of rabbits injected with bovine tubercle 
bacilli, four showed tuberculosis when killed after an interval of six 
weeks, one died prematuiely, so that three of the eight tests were ncga- f 
tne On the other hand, only one specimen of the eight taken from 
the two rabbits inoculated with the human culture incited tuberculosis 
m the gumea-pigs used foi the tests In tins way the experiments may 
be interpreted Table 2 bungs out these results more eleaily, and is a 
summary of all six experiments Here we see that there were forty- 
four rabbits inoculated with a culture of human tubercle bacilli, and an 
equal number of successful inoculations with bovine culture Tim 
includes all specimens of blood drawn at internals varying from one- 
half to three or four hours after the rabbits were inoculated Of the 
bonne tests eighteen were found to contain tubercle bacilli, that i s , 
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pei cent , whereas of the tests with human culture only four gave rise 
to tube) culosis in the guinea-pigs , that is, only a little over 9 per cent 
It will be seen that there is some irregularity in the results, that at 
times bacilli were found in the circulation after two or thiee hours, 
although they were not demonstrable after shorter intervals The dif- 
feience between the two gioups as shown m this table is, however, so 
maiked that the conclusion is definite that the two types of bacilli, the 
markedly virulent and the feebly virulent, differ decidedly m their 

TABLE 1 — Relative Persistence of the Human and the Bovine Tubercle 


Bacillus in tiie Circulation 


Intel val m 
hours between 


Amount and Type of Bacilli 

Injected into Rabbits 

inoculation 

01 mg (B 

' 1 mg (B } 01 mg (H ) 

img (H) 

Remarks 

and bleeding 

1 


EXPERIMENT I 

Tb — 



2 

— 

Tb Tb 

— 


3 

0 

Tb — 

— 


4 

Tb 

— — 

— 


Vi 


EXPERIMENT II 

— Tb 


Bovine culture was 

1 

— 

— 

— 

almost avirulent 

o 

— 

— 

0 

for rabbits 

3 

— 



— 


% 

0 

EXPERIMENT III 

. 

Suggests possible 

1 

Tb 

0 — 

— 

confusion between 

2 

Tb 

— — 

— 

tlie two “bovine” 

3 

Tb 

— — 

Tb 

rabbits 

Vi 

Tb 

EXPERIMENT IV 

Tb — 

0 

Clot interfered 

1% 

Tb 

Tb — 

0 

with fourth test 

2V 

Tb 

Tb — 

0 

of first column 

3Vi 

— 

Tb — 

— 

and third test of 

Vi 

Tb 

EXPERIMENT A 

Tb — 


third column 

1 

Tb 

Tb — 

— 


o 

Tb 



— 


3 

— 

Tb — 

— 


V' 

0 

EXPERIMENT VI 

Tb — 



1 ' 

Tb 

Tb — 

— 


o 

— 

Tb Tb 

— 


1 

Tb 

Tb — 

— 



lb = Tuberculosis of guinea-pig — = no tuberculosis, 0 = premature death, 
etc , B = Boune, IT = Human 


abihtv to persist m the circulating blood That this difference is inti- 
mately associated with urulence wns further brought out bj an experi- 
ment in which a bovine culture was used, which was almost at indent 
for rabbits as the result of prolonged artificial cultivation (Table 1, 
Lxner II ) In this experiment, the bovine bacilli were not found m the 
cimffanng blood m any instance Furthermore it must not be thought 
that the negatne results of the various tests with the human culture 
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were attributable to its having lost its vnulence foi guinea-pigs, for a 
series of tests using from 001 mg to 000000001 (1/1,000,000,000) mg 
of cultuie pioved that 00001 (1/100,000) mg incited a marked tubei- 
culosis when injected subcutaneously 

Table 3 is a record of bleedings of a labbit made at various mteivals 
for moie than twenty-four hours aftei it was inoculated with 1 mg of a 
virulent bovine culture It will be seen that these bacilli weie still 
cnculatmg in the blood twenty-seven hours aftei inoculation In tests 
instituted one week to two months after inoculation with a bovine 


TABLE 2 — Summary of Six Experiments of Table 1 



Experiment 


Bovine Tb 

Human Tb 

1 


4 


3 

1 

7 

2 


0 


S 

1 

6 

3 


3 


3 

1 

7 

4 


rr 

i 


1 

0 

' 5 

5 


6 


2 

0 

S 

6 


6 


1 

1 

7 



+ 


— 

+ 

— 



26 


IS 

4 

40 



v 

y 

> 

V 

t 

Total No of cases 


44 



44 

Tb per 

cent 


59 



9 1 

+ = 

= rabbit’s blood contained tubercle bacilli 





= labbit’s blood did not contain tubeicle bacilli 




TABLE 3 — Persistence of Bovine Tubercle Bacilli in the Blood 

(27 Hour Test*) 

Interval Interval 


lime of 

after 

Guinea-pig 

Time of 

after 

Guinea pig 

Bleeding Inoculation, 
Hours 

Test 

Bleeding Inoculation, 
Hours 

Test 

2pm 

2 

Tb -f 

9am 

21 

Tb + 

3pm 

3 

Tb + 

11 a m 

23 

Tb + 

4pm 

4 

Tb -f 

lam 

25 

Tb + 

5pm 

5 

Tb -f 

Sam 

27 

Tb + 


* 1 mg of bovine culture mice of salt solution was inoculated into a rabbit 
Five cc of blood tested 


cultuie (Table 4 A), tubeicle bacilli weie found m six out of seicnteen 
mstances, and all six had been injected from one to two months 
previously So that it would seem that there exists a period m which 
the blood is sterile, an intermediate period between the time vhen the 
bacilli originally inoculated are eradicated from the blood-stream, and 
when m the course of a progressive tuberculosis, bacilli once more gam 
access to the general circulation Among twenty-three similar tests in 
which a culture of human tubercle bacilli was inoculated, producing, 
however, but slight cr no tuberculous lesions, only two showed bacilli 
m the blood (Table 4 B) In one of these positive cases a careful post 
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mortem examination of the rabbit failed to reveal any tubeiculous lesion, 
we regard the finding of bacilli m this instance as an interesting but 
chance occurrence. 


TABLE 4 — Lateb Tests of Inoculated Babbits 

a BOVINE 


No of 
Babbit 

Intel val Since 
Inoculation 
Days 

Amount of 
Blood Tested 
c e 

Autopsy of 
Babbit 

Besult of 
Blood lest 

1148 

7 

7 

Tb 

Tb 

1149 

7 

7 

Tb (m ) 

Neg 

1149 

14 

7 

Tb (m ) 

Neg 

1149 

10 

7 

Tb (m ) 

Neg 

1153 

14 

7 

Tb (m ) 

Neg 

1153 

22 

0 

Tb (m ) 

Neg 

1155 

21 

0 

Tb 

Neg 

1155 

29 

0 

Tb 

Neg 

1152 

30 

7 

Tb 

Neg 

1100 

30 

4 5 

Tb 

Tb 

1100 

30 

45 

Tb 

Tb 

1127 

30 


Tb 

Tb 

1120 

30 


Tb 

Tb 

1120 

42 

5 

Tb 

Neg 

1100 

35 

7 

lb 

Neg 

1159 

GO 

10 

Tb 

Tb 

1159 

00 

10 

Tb 

Tb 



B HUMAN 



115S 

1 

5 


Neg 

1109 

17 

3 

Neg 

Neg 

1109 

20 

6 

Neg 

Neg 

1110 

17 

3 

Tb * 

Tb 

1110 

20 

6 

Tb* 

Neg 

1110 

GO 


Tb* 

Neg 

1105 

17 

3 

Tb* 

Neg 

1105 

20 

0 

Tb* 

Neg 

1104 

17 

3 

Tb* 

Neg 

1104 

24 

0 

Tb* 

Neg 

1107 

17 

3 

Tb* 

Neg 

1107 

24 

0 

Tb* 

Neg 

1103 

17 

3 

Neg 

Neg 

1103 

24 

0 

Neg 

Neg 

110S 

17 

3 

Neg 

Neg 

nos 

24 

0 

Neg 

Neg 

ms 

30 

5 

Neg 

Tb 

ms 

90 

35 

Neg 

Neg 

ms 

90 

10 

Neg 

Neg 

1121 

30 

5 

Neg 

Neg 

1121 

90 

35 

Neg 

Neg 

1121 

90 

35 

Neg 

Neg 

1101 

30 

7 

Neg 

Neg 


m = Milian tubeiculosis Ihe other rabbits had topical ma«ne bovine 
tuberculosis 
* Slight 

It is difficult to foim a satisfactory hypothesis to explain the mechan- 
ism In which bacteria are able to cnculate hundreds of times within the 
blood-stream and persistently escape the tissue filters The feebh ur- 
nlent human type, as well as the bovine bacillus was regnlarlv found 
m the Wood from three to twenty minutes after inoculation (lalfie ~>) 
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TABLE 5 — Early Bleedings of Inoculated Rabbits 


Nature of Inoculation 

Interval After 

Amount of 

Inoculation, 

Minutes 

Blood Tested, 
c c 

Bovine (1 mg ) 

3 

5 

Bovine (1 mg ) 

10 

5 

Bovine ( 1 mg ) 

20 

5 

Human ( 1 mg ) 

3 

5 

Human ( 1 mg ) 

10 

5 

Human ( 1 mg ) 

20 

5 


Result 


Tb -f 
Tb + 
Tb + 
Tb + 
Tb + 
Tb + 


TABLE G — Anaphylactic Symptoms Following Subcutaneous Injection or 

Rabbits’ Blood 


Condition 

Amount 
of Blood 

Anaphyl- 

of Rabbit 

Injected, 
c c 

actic 

Symptoms 

Bovine Tb 

5 

++ 

Bovine Tb 

5 


Bovine Tb 

5 

++ 

Bovine Tb 

5 

++ 

Bovine Tb 

5 

+ + 

Bovine lb 

5 

+ + 

Bovine Tb 

5 

4 — h 

Bovine Tb 

5 

+ + 

Bovine Tb 

5 

+ 

Bovine Tb 

5 

+ 

Bovine Tb 

5 

Bovine Tb 

35 

+ + 

Bovine Tb 

55 

+ 

Bovine Tb 

7 

+ + 

Bovine Tb 

7 

+ + 

Bovine Tb 

7 

+ + 

Bovine Tb 

10 

+ + 

Bovine Tb 

14 

++ 

Human Tb 

5 

— 

Human Tb 

5 

— 

Human Tb 

5 

— 

Human Tb 

5 

— 

Human Tb 

5 

— 

Human Tb 

7 

+ + 

Human Tb 

7 

+ 

Normal 

5 

+ 

Normal 

5 


Normal 

5 

— 

Normal 

55 

— 

Normal 

7 

+ 

Normal 

7 

1 

i 

Normal 

7 


Normal 

7 

— 

Normal 

10 

++ 

Normal 

10 


Normal 

17 5 



* Guinea-pig= weighed about 230 gut 


Death Remarks * 


4- Died in */> hr 

+ 


+ Died in 1% hrs 
4 - Died in 1% hrs 


Blood m refrigerator over night 
4* Death in 28 hrs 

4 - Blood m refrigerator nine days 

4 - Blood in refrigerator nine davs 

Rabbits almost free from tubercu 
lous lesions 

Rabbits almost free from tubercu- 
lous lesions 

Rabbits almost free from tubercu- 
lous lesions 

Rabbits almost free from tubercu 
lous lesions 

Rabbits almost free from tubercu 
lous lesions 

Rabbits almost free from tubercu 
lous lesions 

Rabbits almost free from tubercu 
lous lesions 
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It is possible that the bacilli cling to the walls of the vessels and 
the current of the circulation for considerable periods However, 
of the lack of experimental data m this particular it is best to 
hypotheses This is likewise tiue m legard to effoits attempl 
account foi the difference m this respect between the virulent a 
comparatively avirulent types of tubercle bacilli It is not attrib 
however, to a difference m the opsonic power of the blood, tests 
we earned out, as well as those of others, 1 show that no clear dist 
exists between the indices for the human and for the bovine t] 
tubercle bacilli. 

In the course of the inoculation of rabbits’ blood into gumc 
interesting toxic (anaphylactic) phenomena were frequently obse 
abdominal distention, coma, spasm of the hind legs, scratching 
face and other symptoms of this complex which are well known 
symptoms have been described by others, 2 following mtraper 
inoculation of rabbit seram, as well as local necrosis, 3 which, he 
we did not encounter m the course of our many subcutaneous mjc 
It seemed to us as if the toxic symptoms were more frequent am 
marked m instances m which blood was injected from rabbits su 
from bovine tubeiculosis Accoidmgly we undertook an extended 
of tests, summarized m Table 6, to gam a clearer undei standing 
reaction It became evident that our impression was correct, thi 
injected with normal blood or the blood of rabbits inoculated 
culture of the human tubercle bacillus leacted less regularly am 
less intensity than did those inoculated with an equal amount 
blood of rabbits suffering fiom tuberculosis of the bovine type G 
pigs inoculated with the blood from the bovine rabbits freq 
died with symptoms simulating anaphylactic shock Serum 
m the refugeratoi for some days retained this toxic pioperty 
toxicity cannot be explained by the fact that m the one case w 
testing the blood of a markedly diseased animal, and m the 
that of an animal which was almost normal, for the blood of ' 
suffering from rabies did not possess similar toxic propel ties I 
connection it should be mentioned that Tricdberger and Schuetze 
able to extract anaphj latoxm m the test tube fiom tubercle baci 
adding normal guinea-pig serum and complement The amoi 
toxin obtained vaned aceoidmg to the proportion of antigen, i 
and complement used, and the period of extraction Our result 

1 Koehhsch Zt«chr f , 1011, K\m, 103 

2 Ihoni'-on, 0 Zt^clir f lTrnn\initnt<;f , 1900 1 , 741 

0 PfoifTor Zt*clir f IT\", 1S97 xxu 3S4 

1 Trip iliArrrpr ,,,.7 C„1„,n7-rv 4 4 T™ — .. 
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stitute a confirmation m vivo of these test-tube expeiiments, their lack 
of absolute regulanty 'must be attributed to the variability of the 
diverse controlling factors 

CONCLUSIONS 

For an experiment such as we set ourselves, namely, to deteimme the 
relation of virulence of bacteria to their persistence within the blood- 
stream, the tubercle bacillus would seem to be especially suitable Apart 
from the fact that it multiplies so slowly, that this factor is negligible 
m a test of short duration, it occurs m two types, one feebly virulent to 
labbits the other highly virulent Morphologically these bacteria aie 
almost identical, their preeminent difference is one of virulence Accord- 
ingly definite quantities of these closely related microorganisms were 
inoculated into rabbits, and bleedings were carried out from one-half 
to four hours latei to discover whether bacilli were still circulating m the 
blood In a series of tests of this nature it was found that the feebly 
virulent human type of bacillus was present m only 9 per cent of the 
tests, whereas the virulent bovine bacillus persisted m the blood-stream 
m 59 per cent of the cases These results seem to warrant the con- 
clusion that virulence plays an important role m bacteremia, and that 
the bacteria may not be filtered from the blood by the tissues like inert 
toreign bodies The fact that an avirulent bovine strain did not persist 
m the circulation strengthened us m this conclusion 

It is remarkable for how long a period after inoculation bacteria may 
still be found m the general circulation In one instance in which but 
1 mg of bovine culture was inoculated, these bacilli were constantly 
found m the blood at various intervals during the subsequent twenty- 
seven hours A penod mterveness some days after inoculation duung 
which even the vnulent organisms are not found m the blood However, 
this constitutes merely an intermediate or latent phase, and is followed 
by another phase cycle, m which, owing to the tuberculous condition of 
the animal, there is a remvasion of the general cnculation For example, 
m tests pei formed a week or two subsequent to inoculation no bacilli weie 
found, whereas in tests repeated a month later, when si stemic tuberculosis 
had developed, bacilli were frequently demonstrated These generaliza- 
tions are subject to exception , m the case of one animal, although tubercle 
bacilli were obtained from the blood, autopsy some weeks later failed 
to reveal any tuberculous lesion 

In the couise of a large series of injections, the interesting and sug- 
gestive phenomenon v as noted, that the blood of the highly tuberculous 
rabbit is more toxic for the guinea-pig than that of the normal rabbit 

154 West Se-^cnt^ Second Street 
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The latei investigations m puiin metabolism have disclosed the fact 
that there are clearly defined differences between man and othei animals 
mill respect to the ultimate products of the disintegration of the pm m 
nucleus In all mammals, man excepted, nnc acid undergoes oxidation 
pi 101 to excretion, so that m the dog, foi example a large pait of the 
piefoimed uric acid is found m the uime as allantoin Likewise m those 
mammals that exciete allantoin m appreciable amounts, it lias been 
possible to demonstrate m the oigans, usually liter and kidnei, an 
011731110 that is capable of destro}ing unc acid — uncase Up to the 
pie c ent all effoits directed towaid disclosing uncase 111 man hare met 
uniformly with negative results, and Wiecliowsky lias show 11 that if unc 
acid is destroyed at all m the human bod} r it can haidl} he b\* oxidation 
since the diurnal allantoin excietion averages only a milligram There 
is no dnect cndcncc with respect to man which conclmneh demon- 
strates that unc acid formed m the hodv undergoes chemical change 
before excretion, and it lias been suggested that no such destruction 
occurs Endenee pointing toward uncolysis is indirect inasmuch as 
the theoretical amount of uric acid resulting from ingested nucleins is 
not recoverable in the urine The chemical possibilities othei than simple 
oxidation which might explain uric acid destruction m the human 
organism do not concern us at present, further than to note regaiding 
them that none is demonstrated 

It rs an old rdea that abnormalities m purin plnsiologv* are explicable 
as a simple retardation of normal processes — "delayed metabolism ' 
latei this conception became more conciete in fixing the blame on the 
oxidative functions m geneial (Bouchard 1 ) "When it became evident 
that the respirator} exchange might be quite noimal even with penciled 
purm kataholism (Wagnus-Levx-). the hypothesis of diminished oxida- 
tion was narrowed down to specific cellular processes (Ebstein 3 ), which 
it wa c postulated might conceit ablv suffer without appreciabh affecting 

* 1 rom tbo 'medic'’ 1 service of tlic Yew York Hospital and tlic Laboratory of 
Bmlojinl Chemi , -lr\, Columbia L'nnomtv at tlie College of Pb\'ician= md ^ur- 
Yew York 

submitted for publication Aug 24, 1012 
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the sum of the oxygen exchange To those who leaned strongly to the 
idea that oxidation, m some way 01 other, must he accounted the impor- 
tant factoi m perveited punn metabolism the obseivation of Munzei 
was grist to the mill He noted an mci eased uric acid excietion follow- 
mg poisoning with caibon monoxid and moie recently Paton has 
recorded astonishingly high figures foi unc acid excretion m coal-gas 
poisoning 

Because of the theoretical importance of these obsei rations the sub- 
ject of diminished oxidation m its relation to unc acid excretion was 
investigated The question is reduced to its simplest teims m the dog, 
where allantoin, a direct oxidation product of unc acid, is excreted m 
the urine m considerable amounts Hatuially if this allantoin is a 
derivative of uric acid and is dependent on some oxidizing enzyme for 
its presence, then an mterfeience with the oxidizing process might 
increase the uric acid output 

Interference with the absoiption of oxygen by the body can arise m 
two ways — (1) By effecting chemical change m the hemoglobin that 
prevents it from combining with 0x3 gen and fulfilling its carrying 
function Caibon monoxid poisoning induces this result 4 5 * (2) By 
decieasmg the oxidative power of the cells themselves so that while the 
oxygen supply may be sufficient the tissues aie not capable of utilizing 
this oxygen Cyamd is the best example of poisons that 1 educe cellular 
oxidation r ' 

authors' experiments 

Oui expei rinents weie conducted as follows The dogs weie fed on a 
unifoim weighed diet of hashed meat, crackei meal, lard and watei 
After a suitable fore-penod the animals were given varying amounts of 
potassium cyamd hypodermatically Three doses were given daily — at 
10 a m and at 4 and 10 p m The doses varied according to the 
resistance of the animal and weie between 10 and 14 mg per kilo bod} 
weight The c} r anid 111 all cases was forced to what seemed the maximum 
tolerance A shoit penod of vomiting was followed m some cases bj 
convulsions, more commonl} b3 r a stupoious state Feedings weie so 
arranged that no loss of food resulted from the vomiting following the 
injection of the cyamd 

The results of the expei iments with dogs are shown m Table 1 

It is possible that unc acid may undergo some destructne change m 
the human body othei than a simple oxidation to allantoin The obsena- 
tions of Paton 7 and Munzei s suggest that oxidation is an important step 

4 Haldane Tour Ph\=iol 1S9G vim, 201 and 4T0 

5 M irtlien Arcli f path An it u Plij «iol , 1S°4, cxwm, 

G Gcppert Ueher do* Y\ o==cn der Blaueuuroi eryi flung Berlin, 1SS0 

7 Paton and Ta^on Tour Plnsiol 1901, \vw, 1GG 

S MOnrer and Palma 7eitsclir f JTeilhunde, 1S9G, \\, 185 
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m such a transformation Cases of illuminating gas poisoning that were 
brought into the New York Hospital were utilized to test this hypothesis 
A careful selection was made among the cases presented for study since 
we had no means of knowing at once fox what periods the individual 
had been exposed to gas When the “gas case” was brought into the 


TABLE 1 — Effect of Cyanide on Dogs 

URINARY NITBOGEN 
DOG I 


Date 

1911 

Total 

Uric Acid Purm Base 



Nitrogen, 

Nitrogen, 

Nitrogen, 



Grams 

Grams 

Giams 



March 25, 26 

5 01 

0168 

0196 



March 27, 28 

5 17 

0182 

0210 



March 29, 30 

March 31 and. April 1 

5 13 

0187 

0210 



4 65 

0165 

0154 

K.CN- 

-25 mg T I D 



DOG II 




May 17, 18 

6 41 

0185 

0174 



May 19, 20 

6 45 

0193 

0178 



May 21, 22 

6 04 

0182 

0169 

KCN- 

-35 mg T I D 

May 23, 24 

6 29 

0203 

0158 

KCN- 

-40 mg T I D. 

TABLE 2 - 

-Studies of Urine in Cases of Gas Poisoning 


URINARY NITROGEN 




Volume 

Total 

Ammonia 

Uric acid. 
Grams 


Case 

Urme, 

Nitrogen, 

Nitrogen, 



c c 

Grams 

Grams 

I, 2d 

24 h 

770 

15 22 

98 

89 

3d 

II 

24 h 

610 

14 56 

1 13 

42 


1710 

26 18 

1 05 

146 

III 


730 

15 67 

56 

86 




URINARY 

SULPHUR 





Total 

Total 

Neutral 

Neutral 


Case 

Sulphur 

Sulphates 

Sulphur 

Sulphur 


SO* 

SO, 

SO, 

Per cent of 



Grams 

Grams 

Grams 

Total S 

I, 2d 

24 h 

2 70 

2 20 

50 

18 

II 


5 62 

515 

47 

8 

III 


2 69 

2 57 

12 

4 


reception ward fiom the ambulance the patient was at once cathetenzed 
and the urine used for loutme tests Aftei this the man was catlie- 
tei lzed every six hours and the urine saved If he remained unconscious 
foi twenty-four hours the total urine for that period was used for study 
Tf consciousness returned before the full day elapsed the collection was 
discontinued and study of the case abandoned In this wav onh uicl 
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cases were utilized as liad been exposed to gas foi some time Certain 
unavoidable souices of possible error exist m the employment of these 
cases We have no knowledge of the food taken befoie naieosis Also 
-all patients were subjected to phlebotomy as a therapeutic measure, 
hut since this is a common factor it is not a serious obstacle m the 
investigation 

The results of the analyses of the mines aie lecorded m Table 2 In 
the first place it is to be noted that the unc acid excietion ulnle high, 
is not without the bounds of normal foi the conditions of this expel iment 
Carbon monoxid poisoning causes a marked stimulation of katabolic 
processes, the high mtrogen excretion represents one phase and the 
uric acid another ISTo such amounts of uric acid weie excieted as weie 
recorded by Paton and one is not justified in ascribing the rathei high 
excretion found to diminished oxidation piimaiily, since it may be wholly 
accounted for by other factors A most sui prising fact is that only one 
•of these cases (Case 1) presents tangible evidence of cellulai suboxida- 
tion In this case the amount of unoxidized (neutral) sulphui is such a 
large proportion of the total that diminished oxidation is probably the 
explanation This ease was apparently profoundly poisoned, judging 
from the period of coma In the other cases no such condition was 
found, yet the uric acid excretion was even gieatei m some of them 

It is shown by results of analyses here piesented that letaidations of 
the oxidizing processes, eithei by depnvation of oxygen or by inter- 
ference with cellular functions, were not followed by mci eased uric acid 
excretion It appears improbable, therefore, that uric acid destruction 
m the body is a simple oxidizing process 



THE SCAPHOID SCAPULA A NORMAL VARIATION 

IN MAN ■ r 

RUBY L CUNNINGHAM 

BERKELEY, CALIT 

Di Giaves 1 lias recentlv called attention to a type of scapula which: 
lie designates as “scaphoid ” The character of the vertebral border 
determines whether a scapula is scaphoid 01 not Our best known ana- 
tomical text-boolcs 2 describe the veitebral bordei as “arched,” “of curved 
01 somewhat irregulai outline * and “neaily vertical from the lower angle 
to the tnangular smooth place on the dorsum opposite the spine ” Morris^ 
doe^ not mention the curve of the vertebral border, but agrees with the 
other authois m figuring the bone with a vertebial border gently curved 
towaid the spinal column Thomas Dwight, 4 m speaking of the variations 
of the r ertebral border, states 

Ihe most common foim of the scapula piesents a line slightly curved at the 
lovei pait and then stiaight as far as the root of the spine, from which point 
it inclines slightly fomard till it ends at the upper angle The forward inclina- 
tion of the uppei put, though vaiving m degree is, so far as I know, constant, 
hut the lest of the line \aries much Sometimes it is almost straight, sometimes 
the whole boidei of the hone is convex, sometimes the border below the spine is 
concave 

These scapulae with veitebial holders concave below the spme Graves 
designates as “scaphoid ” He finds them differing from the convex type 
of scapula, first in having a scapulai index of 2 3, less than that of the 
aveiage tv pc, second, m having vertebral boideis more neaily parallel to 
the long scapular axis, third, m having a spine, as a rule, moie nearly at 
light angles to the long scapulai axis fourth, m having poorly marked 
antenoi and postenoi lips, and intermediate suiface of the vertebral 
boidei and fifth, m possessing tuberosities van mg m size and number, 
fiequenth found along the vertebral bordei, which he calls “border buds ” 

As nonnal variations tliey*aie of passing intei est, but considered as 
c A Eloquent Anomalv m Development of Heieditaiv, Clinical and Anat- 
omical Significance,” they at once demand attention 

'Manuscript submitted for publication August 3(7, 1912 

*Fiom the Ilearst Anatomical Laboratory of the Umversitv of California 

1 Giucs The Scaphoid Scapula A Frequent Anomalj m Development of 
ITereditari Clinical and Anatomical Significance Med Rec , New Yoik Mav 21, 
1<U0 

2 Grav Anatomv , Cunningham Text Book of Anatomv Piersol Human 
Anitoim 

3 Morns Human Anatomv 

1 Dwight I lie Range of Variation of the Human Shoulder Blade Am 
Nit 1SS7 
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Among 198 dry bones Dr Graves found 

121 or 61 per cent convex or “normal,” 

51 or 26 per cent straight, 

26 or 13 per cent concave or scaphoid 
Among 72 dry hones examined here 

34 oi 47 per cent weie convex, 

19 oi 26 per cent straight, 

19 or 26 per cent concave or scaphoid 

From this we see that the scaphoid scapula is of fiequent occurrence 
The claim made for its hereditary and clinical significance may be 
judged from the title to Dr Graves ’ 5 article, “The Scaphoid Scapula Sjm- 
drome Its Connection with Sjfphilis m the Ascendants ” 

Table 1 — Resuits of Measurements of Scapulae of Men 

Normal Scaphoid 



No 

No 

Result 

No 

No 

Result 



Ohs 

Cases 


Ohs 

Cases 



Wing like scapulae, both 

134 

99 

74 0 

119 

80 

67 0 

Pei cent 

Piom acrom clav artic 

13 4 

88 

65 0 

119 

72 

60 0 

Pei cent 

Clavicles — or /\* 

134 

54 

40 0 

119 

58 

48 0 

Per cent 

Abnoimal chests 

129 

41 

31 8 

109 

50 

46 0 

Pei cent 

Spinal curves 

128 

45 

34 0 

109 

38 

35 0 

Per cent 

Palpable glands 

129 

15 

11 0 

109 

9 

80 

Per cent 

Adenoids operated 

129 

8 

62 

109 

3 

27 

Per cent 

Tonsils operated 

129 

14 

10 9 

109 

14 

12 0 

Pei cent 

Tonsils enlarged 

129 

19 

14 S 

109 

19 

17 0 

Per cent 

Abnormal hearts 

129 

6 

4 7 

108 

3 

27 

Per cent 

Abnoimal lungs 

129 

0 

00 

108 

1 

9 

Per cent 

Blood-pressure (standing) 

120 


114 6 

10S 


120 5 

mm Hg 

Blood pressure (sitting) 

118 


120 3 

108 


121 6 

mm Hg 

Average age 

129 


20 3 

10S 


19 8 

Years 

Aveiage weight 

98 


62 3 

SS 


04 1 

kilos 

Average height 

98 


1715 0 

91 


1747 3 

Centims 

Average lung capacity 

95 


4 15 

91 


4 23 

Liters 

Lung cap’y less than 2 5 L 







Per cent 

General development, excellent 

129 

21 

16 0 

108 

19 

17 6 

Pei cpnt 

Geneial development, good 







Per cent 

Geneial development, average 

129 

SS 

68 0 

10S 

73 

67 0 

Per cent 

General development, fair 







Pei cent 

General development poor 

129 

20 

16 0 

10S 

16 

14 8 

Per cent 

Parents foreign 

258 

76 

29 0 

216 

65 

30 0 

Per cent 

Parents dead 

25S 

32 

12 4 

210 

20 

90 

Per cent 

No children pei family 

129 

511 

3 9 

108 

414 

38 

Per fam 

Death rate 

129 

36 

27 

10S 

36 

22 

Per fam 


* Horizontal or elevated at sternum 


Anatomically individuals with scaphoid scapulae are said to differ 
fiom average individuals m having longer necks, clavicles moie neail) 
m a horizontal line moie prominent aciomio-clavicular articulations and 
more prominent “wing-like 5 inferior angles to their shoulder blades 
If scaphoid scapulae aie due m am waj to sjplulis in the ascendants 
ve Mould expect to find m mdmduals liming scapulae of this tjpe other 
evidences of “blight ’ among nhich Giaves mentions deviating chaiac- 
teiistics of the nliole individual, the presence of arteriosclerosis at 
unusualh earlv periods of life, disliarmonv m phjsical and mental devel- 

5 Grave® The Scaphoid Scapula Syndrome Its Connection with Svjdnhs 
in the Ascend! nt* Interstate Med Jour, 1911, xvin, No 1 



RUBY L CUXTHYGHAM 


591 


opment, abnoimal degree of lyinpli-node palpability, relative frequency 
of adenoids, frequent catarrhal affections developing early m infancy and 
persisting for years, and nocturnal incontinence 

In order to get an idea of the occurrence of the scaphoid scapula and 
to woik out its syndiome from a large number of seemingly average 
individuals, measurements of the shoulder blades of incoming students 
of the University of California were made m August, 1912 The relative 
heights of the two shouldeis, the length of the neck, the angle made by 
the clavicles, the prominence of the aeromio-clavicular articulation, and 
the prominence of the inferior angle of the scapula were noted and 
recorded 

On entrance to the university all students are given a rigid medical 
and physical examination As soon as they were dismissed by the medical 
examiner they presented themselves for the scapular measurements The 
subject stood erect and quiet for a few moments The vertebral borders 
of the scapulae were palpated with the index finger and carefully outlined 
with a blue wax pencil The prominent bony part of the dorso-lateral 
extremity of the aciomion process was marked and by piessmg the full 
length of the index finger against the caudal border of the crest of the 
spine the direction of the spine was determined and marked m blue pencil 



Fig 1 — Showing method of determination of variety of scapula 

To be sure that the scapulae had not changed m position and that the 
lines and points were correctly marked, all of the lines of both scapulae 
were palpated a second time 

The distance between the vertebral holders of the scapulae at the 
bases of the spines was measured and recorded as distance, AB (Tig 1) 
About 1 y 2 inches fiom the mfenoi angle, a second measurement of dis- 
tance between the vertebial borders was taken and recorded as CD Half- 
way between AB and OH, a third measurement, EF, was made 

If the average length of AB and CD ( ), is greater than 
EF , the scapulae are convex toward each other If the average of AB 
and CD is equal to EF , the veTtebial borders are straight, and if the 
average is less than EF, the scapulae are concave toward one another or 
scaphoid 

In most cases little difficulty was encountered in palpating the points 
and lines desired, but among the women one swimmer, one violinist, a few 
obese individuals and several others, offering difficulties of measurement 
were allowed to pass unrecorded 
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In Older to select groups having greatest concavity of scapular bordei, 
only those having EF greatei than the average of AB and CD by more 
than 1 cm were considered typically scaphoid, and all having vertebral 
bordei s m am degree convex toward each other were considered “normal ” 
In all, 1,067 individuals weie measured with the following results 

Men — Women — Total 


“ Hormal ” 

Ho 

Per cent 

No 

Per cent 

No 

Per cent 

134 

21 

150 

36 

286 

27 0 

Straight 

120 

19 

47 

11 

167 

15 8 

Scaphoid by less than 5 cm 

104 

16 

102 

24 

206 

19 5 

Scaphoid by fiom 5 to 1 cm 

164 

2G 

76 

18 

240 

22 6 

Scaphoid by oiei 1 cm 

117 

18 

43 

10 

160 

15 1 


In oi dei to deteimme if the scaphoid individuals, as a class, show 
evidences of “blight,” the 134 “normal” men have been contrasted with 
the 117 decidedly scaphoid men, and the 150 “normal” women with the 
43 decidedly scaphoid women 

The following tables give the results of the measurements together 
with other data bearing on the pioblem Weights, heights and lung 
capacities were obtained from the gymnasium records, and the othei items 
fiom the lecoids of the medical examiners 

Chests were lecoided as normal, flat, funnel oi pigeon-shaped All of 
those not leeorded as normal were heie classed as abnormal Spinal 
curies weie recorded as noimal, lordosis, scoliosis and kyphosis All 
other than normal were grouped as abnormal even though the abnormality 
was marked (slight) Palpable inguinal, axillary and ceivical glands 
were recorded Tonsil and adenoid observations weie made by a specialist 
Blood-pressure was measured b} r a Mercer apparatus accurate to 5 00 
millimeters Heart action was recorded as regular, nregular or mtei- 
nnttent Wheie functional disorders were present note was made of the 
fact All not marked regulai were here classed as abnormal Lungs 
were marked negative or special, and note was made of the abnormal 
respiratory sounds Under geneial development such factors as stature 
nutntion and general muscular tone, were considered 

The comparative figures do not show that the scaphoid scapula is 
especially associated with blight or disliai monies Among both the men 
and women the aveiage age for entering college is lower for scaphoid 
than for “normal” individuals which argues well for mental development 
Average weights and heights of the two classes aie hardly sufficiently 
different to be worthy of note The “normal” women average a little 
heaviei and the scaphoid a little taller, while the scaphoid men are both 
heaner and tallei Among the women there is slightly less lymph-node 
tonsil and adenoid enlargement m those of the scaphoid group, whereas 
among the men the scaphoid group show less lymph-node and adenoid 
difficult 1 , but a higher percentage of tonsil operation and tonsil 
enlargement 
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The blood-piessure comparisons aie of especial impoitance on account 
of the fact that the aiterial changes shown by those having scaphoid 
scapnlae lead Graves to suspect syphilis as one cause of the imperfect 
development of the scapula 

Among the women the average blood-pressures of the normal and 
scaphoid gioups are identical within the limit of enor of the apparatus 
Among the men those with scaphoid scapulae show a slightly higher blood- 
pressure, both when standing and when reclining 

Table 2 — Results of Measurements of Scapulae, Etc , of Women 

Normal Scaphoid 



No 

No 

Result 

No 

No 

Result 




Obs 

Cases 


Obs 

Cases 




Wing like scapulae, both 

13G 

41 

30 0 

38 

14 

37 0 

Per 

cent 

Wing -like scapula, one 

13G 

27 

19 8 

38 

8 

210 

Per 

cent 

Piom acrom -clav aitie 

13G 

72 

52 9 

38 

17 

44 7 

Per 

cent 

Clavicles — or /\ i 

136 

45 

33 0 

38 

13 

34 2 

Per 

cent 

Abnormal chests 

136 

42 

30 8 

38 

14 

36 8 

Per 

cent 

Spinal cuives 

136 

18 

13 2 

38 

4 

10 5 

Per 

cent 

Palpable glands 

136 

24 

17 6 

38 

6 

15 8 

Per 

cent 

Adenoids operated 

136 

11 

80 

38 

2 

5 2 

Per 

cent 

Tonsils operated 

136 

10 

7 3 

38 

1 

26 

Per 

cent 

Tonsils enlarged 

136 

10 

73 

38 

2 

52 

Per 

cent 

Abnormal hearts 

136 

12 

88 

38 

4 

10 5 

Pei 

cent 

Abnormal lungs 

136 

6 

44 

3S 

2 

52 

Per 

cent 

Blood-pressure (standing) 

136 


120 6 

38 


120 5 

mm 

Hg 

Blood-pressuie (sitting) 

136 


116 0 

37 


116 8 

mm 

Hg 

Average age 

118 


21 S 

32 


20 2 

Years 

Aveiage weight 

S3 


53 6 

15 


52 7 

Kilos 

Aveiage height 

SG 


1617 0 

15 


1620 0 

Centim 

Average lung capacitv 

85 


2 53 

15 


2 34 

Liters 

Lung cap’ty less than 2 5 L 

85 

30 

35 0 

15 

5 

33 0 

Per 

cent 

Geneial development, excellent 

136 

9 

6 6 

3S 

0 

00 

Per 

cent 

General development, good 

136 

34 

25 0 

38 

6 

15 8 

Per 

cent 

Geneial development, average 

136 

71 

52 2 

38 

16 

42 1 

Per 

cent 

General development, fair 

136 

19 

14 0 

38 

15 

39 5 

Per 

cent 

General development, poor 

136 

5 

3 7 

38 

0 

00 

Per 

cent 

Paients, foreign 

272 

67 

24 6 

76 

12 

15 7 

Per 

cent 

Pai ents, dead 

272 

32 

11 7 

76 

10 

13 2 

Pei 

cent 

No children per family 

136 

557 

4 10 

36 

141 

3 91 

Per 

fam 

Death rate 

136 

56 

41 

36 

24 

66 

Per 

fam 


* Horizontal or elevated at sternum 


The variations throughout the tables are quite such as one might 
expect to find m comparing two groups of equal numbers selected at 
landom. 

So far we aie led to conclude that among aveiage individuals between 
the ages of 16 and 25 the scaphoid type of scapula is of fiequent occur- 
rence, but of no clinical significance 

In order to contrast a group of deviates with the student class already 
studied, 412 inmates of the State Home for the Feeble-Minded at 
Sonoma, Cal , were examined 

It was quite impossible to get them m good attitudes and keep them 
quiet so as to outline the vertebral borders of the scapulae and measuie 
them, so palpation had to be depended on 
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With the entire length of the index finger of one hand pressed against 
the candal edge of the spine of the scapula and directed toward the 
vertebral bordei the base of the spine was located The index fingei of the 
other hand was placed on the vertebral border at this place and the othei 
three fingers spread out along the caudal part of the vertebral bordei 
By their position and by moving them up and down along the vertebral 
bolder its chaiacter could quite easily be determined, unless it was on the 
border line between convex and straight or concave and straight In man) 


Table 3 — Totals of Tables 1 and 2 

Normal Scaphoid 



No 

No 

Result 

No 

No 

Result 



Ohs 

Cases 


Ohs 

Cases 


Wing-like Scapulae 

270 

140 

51 8 

157 

94 

60 0 

Per cent 

Prom acrom -clav artic 

270 

160 

59 0 

157 

89 

56 6 

Per cent 

Clavicles — or /\* 

270 

99 

36 6 

157 

71 

45 2 

Per cent 

Abnormal chests 

265 

83 

31 3 

147 

64 

43 5 

Per cent 

Spinal cuives 

264 

63 

24 0 

147 

42 

28 6 

Pei cent 

Palpable glands 

265 

39 

14 7 

147 

15 

10 2 

Per cent 

Adenoids operated 

265 

19 

71 

147 

5 

34 

Pei cent 

Tonsils opeiated 

265 

24 

90 

147 

15 

10 2 

Per cent 

Tonsils enlarged 

2C5 

29 

10 9 

147 

21 

14 3 

Pei cent 

Abnormal hearts 

265 

18 

6 8 

146 

7 

48 

Per cent 

Abnormal lungs 

265 

6 

22 

146 

3 

20 

Per cent 

Blood pressure (standing) 

256 


117 6 

146 


1205 

mm Ilg 

Blood pi essui e ( sitting ) 

254 


118 15 

145 


119 2 

mm Hg 

average age 

247 


21 05 

140 


20 0 

Years 

Average weight 

181 


58 45 

103 


5S4 

Kilos 

Aveiage height 

184 


1666 0 

106 


1683 6 

Centims 

Aveiage lung capacity 

180 


3 34 

106 


3 28 

Liters 

Lung eap’ty less than 2 5 L 

85 

30 

35 0 

15 

5 

33 0 

Per cent 

General development, excellent 

265 

30 

113 

146 

19 

13 0 

Per cent 

General development, good 

136 

34 

24 0 

3S 

6 

15 8 

Per cent 

General development, aveiage 
General development, fair 

265 

159 

60 0 

146 

89 

60 6 

Per cent 

136 

19 

14 0 

38 

15 

39 0 

Per cent 

General development, poor 

265 

25 

94 

146 

16 

10 9 

Per cent 

Parents foreign 

530 

143 

27 0 

292 

77 

26 0 

Pei cent 

Paients dead 

530 

64 

12 0 

292 

30 

10 2 

Per cent 

No children pei family 

265 

1068 

4 03 

144 

555 

3 85 

Per fam 

Death rate 

265 

92 

34 

144 

60 

41 

Per fam 


* Horizontal or elevated at sternum 


such cases it was impossible to judge positively of the nature of the boidei 
and it was recoided as questionable oi straight Boi this reason the figures 
indicate a low r ei number of convex and scaphoid scapulae and a higher 
number of the straight scapulae than if they had been measuied 

On account of the impossibility of making measurements on the de\i- 
ates, exact comparisons cannot be made between them and the student 
class 

However, the comparisons are suggestive 


Student Class, 

Per cent 
27 

15 {straight 
57 


Demte CIa=s, 
Per cent 
22 

and questionable) 52 
20 


Come\ lertebral borders 
Straight vertebral borders 
Coneaie lertebral bordeis 
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Had the student class been palpated instead of measuied many of 
those here classed as noimal and apparently scaphoid, would have been 
put with the questionable 01 stiaight 

The Wassermann test for syphilis has been made by Dr Lmfoith on 
practically all of the women of the Sonoma State Home Of the 304 
whose scapulae were measured, eight gave a positive test Of these none 
was under 16 years of age, so that m no case could we safely assume that 
the disease was congenital However, among the eight, three had convex 
scapulae, three straight or questionable scapulae and two scaphoid 
scapulae 

Since among over 1,000 college students those with scaphoid scapulae 
show no “blight,” and since “normal” scapulae aie almost as frequent 
among deviates as among students, and scaphoid scapulae as frequent 
among students as among the feeble-minded, theie seems to be little cause 
to consider it an anomaly or to liunt for an explanation for the condition 
m the history of the individual oi his ascendants, and we must, with 
Thomas Dwight, consider as a noimal variation scapulae m which “the 
bolder below the spine is concave ” 


Table 4 — Turner’s Figures on Scapular and 

Various Races 


Infraspinous Indices of 


Rn.ee 

No of 

Scapular 

Infraspnn 


Scapulae 

Index 

Index 

Lapps 

S 

62 0 

85 9 

Esquimaux 

8 

610 

81 3 

Tasmanians 

6 

60 3 

814 

Australians 

28 

64 9 

88 5 

Bushmen 

10 

66 2 

89 7 

Polynesians 

32 

66 6 

89 4 

Peruvians 

46 

66 5 

89 6 

Fuegeans 

9 

65 0 


Europeans 

462 

65 3 

87 8 

Negroes 

100 

69 7 

98 5 

Andamanese 

27 

70 2 

97 3 

Melanesians 

26 

69 8 

93 8 

Malayians 

10 

68 9 

93 S 


Much attention was dnected to the scapula by the paper read by Broca 
before La Socieie d’Anthi opologxe m 1878, m which he defined scapulae 
and mfraspmous indices, and proposed them as methods of determination 
of race He found Negioes, Andamanese and Australians to have high 
indices, which means broad scapulae, and speaks of them as “consequently 
of a lower type,” having already pointed out the fact that m all orders of 
animals, except bats, the scapular index is greater than m man 

During the following year many measurements of scapulae were 
undertaken Thomas Dwight, of Harvard, collected what data he could 
from others, and adding to them lus own findings, laigely obtained from 
bones of American Indians, published an article m the July Amencan 
Nairn akst, m 1887, on cr V anations of the Human Scapula,” m which he 
concluded that the Kentucky Mound Builders had decidedly higher 
indices, or, m other uords, bioader scapulae, than the Caucasians 
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Doisey, on the contrary, found the West Coast Indians to hove a mean 
scapular and mfraspmous index lower than any yet recorded for any 
race except Esquimaux, Hottentots and Tasmanians 

Sir William Turnei, m his “Report on the Bones of the Human 
Skeleton/ 5 gives the figuies shown m Table 4 

In conclusion to Ins comparison of the scapulae he saj s 

Should there be anything m the habits of one lace of men which might lequne 
a particular group of scapular muscles to be used and developed to an extent 
fai gi eater than m another race, then it is not unlikely that the aiea of attach 
ment of these muscles in that race would be widened and lengthened to an extent 
greater than m the case of those laces in Minch the same gioup is not similarly 
exercised, and the proportion of those paits of the scapula to the rest of the 
bone would m so far be modified The ai boreal habits of the ape requne that it 
should use its uppei limbs for pui poses of climbing and foi swinging itself fiom 
one branch of a tiee to anotliei, so that the muscles engaged in the elevation of 
the uppei limb lequire to be powerful, which would account foi the gieatei devel- 
opment of the supiaspmatus muscles and fossa, and Mould piobably lead also to 
the greater obliquity of the scapular spine than m the case of man In a similar 
manner one would expect to find m those laces oi men, as the Australians, who 
climb tiees m quest of food, or those natives m the intei 101 of New Guinea, 
whose houses aie built m the upper blanches of lofty trees, a commensurate 
development of the elevatory muscles of the uppei limb and of then respective 
areas of attachment But in connection with this development, the additional 
area might be obtained, either by an addition to the length or breadth of the 
surface, 01 peiliaps both to the length and bieadth 

Consideimg the subject from an evolutionaiy point of view and 
accepting the underlying idea of Sir William Turner’s quotation, we mat 
consider that as a pumitive race we inherit broad scapulae with convex 
vertebral bordeis and those races making much use of then shouldei 
muscles have best pieservecl such scapulae, that among civilized races 
where the arms aie compaiatively little used deciease m size has followed 
decrease m use The decrease may be either m length 01 bieadth 01 both 
and maji- account for the scaphoid scapula 

Since evidence for considermg the scaphoid scapula as an anomaly of 
development is lacking, and since it is possible that man’s upnght position 
might lead to such a variation fiom the animal type, it seems logical fiom 
the biological standpoint, as well as from the clinical, to consider the 
scaphoid scapula as a noimal vanation 

In addition to the leferences numbeied m the text the following aie given 

Mivait Appendicular Skeleton of the Primates Phil Tians, 157, 1SG7, 
civil, 304 

Graves The Clinical Recognition of the Scaphoid Tjpe of Scapula and Some 
of Its Corielations Jour Am Med Assn 1910, h 12 

Koliert Uebei die Skaphoidc Form des Sclmlteiblattes Wien klm Y\ ehnsclir , 
1911, No 37 

Kellnex Ueber Scapular Scnphoideae Deutsch med Wchnschi , 1911, p 91 

Turnei Challengei Reports, Vo] xvi 

Doisey Obsenations on the Scapulae of the Noithwest Coast Indians Am 
Nat , 1S97 p 730 

Kmgsier Foi^mina of Scapulae Science 2C S, 1900 u, 107 

Sehuch Das Schulterblatt des Menschens und der Anthropoiden Mitt d 
nnthrop Gesellsch 1910 Wien xl, 231 



ERYTHREMIA, OR POLYCYTHEMIA WITH CHRONIC 
CYANOSIS AND SPLENOMEGALY 

REPORT OE TWO OASES WITH A SUMMARY OE 179 CASES 
REPORTED TO DATE 1 

WALTER S LUCAS, MD 

Teffeison Medical College Hospital, Out-Patient Department 

PIIILADEUPHIA 

Renewed mteiest has recently been shown m that piimai) r foim of 
polycythemia with chronic cyanosis and splenomegaly which was first 
brought to the attention of the profession in 1892 by H Vaquez, 1 and 
which has been well termed “erythremia” in contra-distinction to 
“erytlirocytosis” or secondaiy polycythemia 

Eiythremia was long eonsideied a rare condition and as late as 1907 
Mackey, 2 m a most excellent thesis, was able to cite but about forty cases 
During the past few years, howevei, the increasing number of patients 
reported from various sources indicates that the malady is not by any 
means as uncommon as was at fiist supposed Indeed, Staehelm, 3 m 
1911, reported eleven cases of polycythemia which came under his obser- 
vation m a single year, of which at least six appear to have been of the 
Yaquez type 

As the lesult of a Tecent careful search through medical literature, I 
have succeeded m collecting leports on 179 cases of so-called polycy- 
themia, of which 149 cases appeal to be unquestionable instances of 
erythremia, the other thirty cases being open to doubt as to their true 
classification 

The two cases which have come under my observation and which 
aioused my interest m the condition are as follows 

CASE REPORTS 

* 

Oasc 1 — B W, male, manied, white, aged 52, a native of Russia, giocer, 
was admitted to the semee of Di H A HaTe in the Jefferson Medical College Hos- 
pital, May 19, 1911 Family lustoiy is ummpoitant, no history of malignant or 
tuheiculous disease 


*Manuscnpt submitted for publication July 15, 1912 

! Ten additional cases have been collected since this paper was prepai ed for 
publication and too late to peiinit of their inclusion under the pioper classification 
m the summary at the end of this aiticle These ten cases have been shown 
sepai ately at the end of the summaiy thus making a total of 189 cases m all 

1 Vaquez, H Compt lend Soc de biol , 1892, series 9, p 384, also Bull 
mCd Pans 1S92, m, 849 

2 Mackey Bnmingham Med Rev, 1907, N S, Kn, 113 and 177 

3 Staehelm Beil klin Wchnschr , 1911, xlvm, 101 
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Patient had measles in childhood At the age of 20 he had an attack of 
pleimsy, was seriously ill and had a cough for some time subsequent but afterwaid 
became peifectly well 


On Feb 5, 1806, he was operated on at the German Hospital by Dr John B 
Deavei for a prostatic abscess, which was opened through the perineum and drained 
with an uneventful recovery Subsequent to this operation he noticed that his 
coloi Mas changing and he became blue Is said (by himself) to have had a punc- 
ture in the light kidney region and that pus was found, this operation being 
uitlnn a compaiatively shoit time after the other The physician who did this 
punctuie has since died 

At about this time he went to the Pennsylvania Hospital on account of failing 
vision, dizziness, etc His symptoms then were the same as at present, namely, 
headache, vertigo, hazy vision and a feeling as though his head was stuffed with 
blood 


From that time his general health was good with the exception of attacks of 
“asthma,” cough and shortness of breath, up to May, 1910, when he began to have 
attacks of headache, confined to the right side of his head, and accompanied by 
dizziness and shortness of breath Following these attacks his hands, face, lips 
and nose became dusky, the duskiness lasting from two to twenty-four hours 
Beginning m the Autumn of 1910 he had fiequent attacks of indigestion 
which seemed to precede the attacks of cyanosis and headache 

Since January, 1911, he has had considerable difficulty with his eyes, stating 
that he has scarcely been able to read a newspapei and that he has had a con 
tmual haze over his eyes and that stooping or suddenly turning Ins head brought 
on dizziness and cyanosis He also complained of a lump m the throat on 
swallowing 

Examination — Patient is a well nourished and well developed adult Skin is 
dry and warm His face, and especially his nose, lips, cheeks and ears aie of a 
bluish-red coloi The hands, wrists and arms to elbows are bluish red Dorsum 
of feet present nothing abnoimal but the soles both are bluish-red and somewhat 
edematous The tongue is red and coated with grayish fui The pharynx is 
purplish led 

Fmgeis aie clubbed with slightly curved nails 

The examination of the abdomen proved negative, the liver not being enlarged 
and the spleen showing no enlargement except on one occasion during an exacerba- 
tion, when it was very slightly enlarged 

The chest is symmetrical, expansion equal and full, liypenesonant through- 
out, a few moist riles heard over both bases Respiration 22 

Heart sounds rhythmical, distant at apex, maximum intensity in epigastrium 
wheie the sounds are cleai Pulse 92 Blood pressure, systolic 120, diastolic 80 

Hone of the superficial lymph-nodes palpable 

Genitals negative A scar obseived two inches below last rib on right side 
Wassermann test proved negative 

X-ray examination reveals many enlaiged mediastinal glands 
Eyes Pupils dilated, equal and react normally Double optic neuritis wi i 
four diopters of swelling m each eye and hemorrhages into the retina lsion 
about one half noimal with glasses Fields concentrically conti acted abou one 
half (See subsequent reports ) 

Temperature OS 6 

Urine Slightly turbid, amber, 1019, acid, faint trace of albumin, no sugar, 
crystals, blood or casts, a few urates, epithelial cells and leukocytes Urea 2 per 
cent Practically the same on a number of subsequent examinations Quantity 
during first week m hospital averaged 500 cc for twenty four houis, next two 
weeks averaged 1,200 cc, dropping to an average of 700 cc during Test of stay 
During second short stay m hospital the average was 500 c c 
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Course — Patient’s temperature on admission was normal and dui mg his stay 
langed between 97 and 99 F with one rise of short duration to 100 6 and one drop 
to 96 4 

Fiom May 20, 1911, the day after admission, to June 14, 1911, date of dis- 
charge, his weight dropped from 129 5 to 120 poands 

Pulse rathei lriegular, ranging between 80 and 100 with one rise to 110 and 
one drop to 74 His respiration was usually about 22 although occasionally as 
high as 30 Bowels moved once or twice daily with, occasionally, laxatives 

His cyanosis continued throughout his entire stay m the hospital Until May 
20 he was fiee fiom headaches and dizziness but on that date had several attacks 
of dizziness, lasting a few minutes each, and also a slight right-sided headache 
On May 21 he had two brief attacks of dizziness due to suddenly turning the 
head to the side and stooping Also complained at this time of drawing sensation 
m calf of left leg 


Date 

Erythro- 

cytes 


1 

Leuko- 

cytes 

Polymoiplio- 
nucleais, % 

Lymphocytes 
pei cent 

Hyaline 
per cent 

Item arks 

1911 

5-12 


• 

135 

86 

8,200 




From finger 

5 13 


138 | 

! 

86 

1 : 

8,800 ^ 

54 

i 

20 j 

15 

» , 

From toe , also 9 per 
cent eosinophils and 
2 per cent degener- 
ated eosinophils * 

5 22 

6- 9 
6- 9 


| 140 

.129 1 
127 1 

l 81 

; 

81 

97 

8,000 

7,400 

6,880 

57 ^ 

27 

| 8 ^ 

Eosinophils 2 per cent 
and neutrophilic mye- 
locytes 6 per cent 
Before bleeding 

After bleeding 

6- 9 


112 1 

82 


80 

15 

6 

No parasites Morpho- 
logic characteristics 
correspond to normal 
red cells 

11- 9 

11-25 

11-25 


125 

138 

96 

97 

1 13 
92 


74 

15 

i 

7 

Eosinophils 2 per cent , 
degenerated 2 per ct 
Before bleeding 

After bleeding 


On May 23 again complained of being dizzy at irregular intervals 
On June 9, 16 ounces of blood removed from right median basilic vein Was 
slightly improved on June 12 and was discharged on June 14 

Patient then felt veiy well until about the last of September, 1911 when old 
symptoms returned, and on November 8 he was rerdmitted, his condition m gen- 
eral being about the same as m June The extremities at this time showed a 
slight pretibial edema Eye examination revealed a swelling of two diopters in 
each eje Vision 20/30 with glasses Fields conti acted about one-half as before 
No hemorrhages Every evidence of a subsiding inflammation with probably a 
secondary atrophy obscured by the inflammatory changes 

The patient received no medication at this time except laxatives and was up 
and around the ward the second day, apparently very comfortable and was dis- 
charged on November 13 

November 25, 1911, patient returned to ward for venesection to relieve symp- 
toms of dizziness, Ins condition being about the same as before, 16 ounces of 
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blood being wutlidiawn from superficial vein of light elbow No change was noted 
m his condition immediately following venesection but he felt better on the fol- 
lowing day, Ins color being less dusky, and he was discharged with instructions to 
leport to the out-patient department 

For some time thereafter he leported regularly at the outpatient department 
and was bled four times with temporal y relief An x ray examination of the chest 
at this time showed the heart to be appaiently of normal size, lather horizontally 
placed There seemed to be multiple adhesions between the pencardium and the 
diaplnagm, also maiked thickening of the peribronchial glands 

No paiasites 01 organisms of any kind weie found m the blood at any time 
In Januaiy, 1912, the patient spent several weeks m the German Hospital, 
wlieie, m addition to other treatment, he was subjected to treatment by the x ray 
ovei the long bones His condition at this time w as about the same as before and 
he was not permanently benefited by tieatment 

Recently he has been a patient at the Pennsylvania Hospital complaining of 
an exaceibation of symptoms Dr William T Shoemaker, who examined the 
patient on both of the occasions when he w as m the Pennsylvania Hospital, and 
who has kindly given pei mission to include the lesults of lus observation of the 
eye gi ounds, states “Although of course, interesting m many ways, special 
intei est fiom an ophthalmic standpoint lies m the violent changes which are shown 
m the optic neive, letma and blood vessels These changes aie those of typical 
inflammatory choked disL, identical, it would seem, with those frequently seen 
with mtiacianial distui bailee” 

The patient recently advised me that for some time lie has oeen subject to 
penodie hemonhages fiom the bow r el, occurring on an aveiage of once in six weeks 
and followed by some tempoiaiv lelief 

Despite all tieatment lus geneial condition at piesent is about the same as 
wdien first seen 

Case 2 — Male aged 43, Russian Jew, a est maker, was admitted to the service 
of Di II A Hare m the Jefferson Medical College Hospital April 22, 1912, com- 
plaining of seveie headache, djspnea, dizziness and neivousness His bowels were 
constipated appetite pool 

Family lustoiy ummpoitant, so fai as he know = no membei of Ins family has 
suffeied in a similai wai 

He came to the United States fiom Russia twenty veais ago and since his 
ainval m this countiy has wmrked contmuoush as a lestnnkei Foi four years 
pi ioi to leaving Russia he was a soldier 

Foi fifteen jeais he has been tioubled with “asthma” and cough 
Suffeied fiom hemoirhoids foi fifteen A ears, undergoing an operation ten 
months ago for lelief fiom same 

Has had moie oi less headache foi six years 
Tlnee months ago had a slight attack of liemoptvsis 

Iwo weeks pnoi to admission he began to suffei from seiere headache, dyspnea, 
dizziness and neiiousness 

Iwo dais pnoi to admission Ins wife called Ins attention to the change in Ins 
eoloi He is somewhat miopic 

Examination — The patient is a well nourished adult male 

His face is somewhat cyanotic, being markedly so when he lies down The bps 
and eais me nnikedly dusky and the hands slightly so The tongue is iery red 
and the buccal mucosa and plnrinx aie bliush-ied 
Spleen was not palpable 
Liver dulness was slightly increased 

Lungs Prolongation of expiration and many i hies throughout the chest 
Resonance impaired anterioih at the right apex and slightly impaired posteriorly 
at both bases Respiration 32 

Heart Taint systolic murmur at the mitral area Muscle tone fairly good 
Pul=e somewhat rapid on admission (IIS) falling to 9G the following day 
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Systolic blood-piessuie 132 

Legs and feet swollen and edematous, pit on piessuie 
Temperature 99 4 F on admission, 98 4 the following day 
Eyes React normally to light and accommodation Pupils equal Theie 
a maiked congestion of the conjunctiva and retina 

Urine This showed a veiy faint tiace of albumin, no casts 
Sputum Negative as to tubeicle bacillus 

Blood The led cells wci e 8,430,000, hemoglobin 95 to 120, white cells f 
to 13,400 Polymoiphonucleais 70 pei cent , small lymphocytes 16 per cent , 1 
lymphocytes 12 per cent , eosinophils 2 pei cent , blood platelets four m one 
X-Ray — A'- lay examination of the tlioi ax levealed maiked penbiom 
thickening, paiticulaily on the left side, and bionchiectasis 

Treatment — Undei tientment with moiphin sulphate, atropm, epineplmn 
of cloves, puigatives and, final^, elixn non, quinin and strychnin, patient 
hospital with geneial condition appaientlv consi del ably improved 

Six months later Condition unchanged Had scveial exacerbations and t 
symptoms weie sufficiently severe to lequne venesection, which gave piompt 
only temporal y iehef 

SYNONYMS 

Exy tin emia, oi pumary absolute polycythemia, is also known 
Vaquez’s disease, Osier’s disease, polycythemia with chionic cyan< 
myelopathic polycythemia, splenomegalie polycythemia (Weber 4 ), ci 
togemc polycythemia (Cabot), and eiythroeytosis megalosplei 
(Senator 5 * ) The teim eiythremia, suggested by previous authors , 0 se 
especially appiopnate, distinguishing the condition as it does from i 
tlnocytosis , 7 or polycythemia rubia of known origin, just as the te 
leukemia and leukocytosis distinguish analagous condition m which 
white cells are paiticulaily affected 

It is piobable that cases of erythremia weie formerly repoited ur 
such headings as “plethoia,” “venous congestion with cyanosis,” ( 
and, as Heirmgham 8 points out, Cuffer and Sollier’s two cases 9 of “c 
gestive venous diathesis,” reported m 1889, may have been example' 
this disease 

HISTORY 

In 1892, Pi of H Vaquez, 1 of the Eaculte Medicm, Pans, leporte 
case of peculiai cyanosis with persistent polycythemia, which he regai 
as due to congenital heart disease The livei and spleen were enlai 
and the led cells and hemoglobin greatly increased On the death of 
patient m 1895, "Vaquez discovered the absence of organic heart mvo 
ment 


4 Weber Med Clm Ti , London, 1905, lxwvin, 191 

5 Senator Ztseln f klm Med , 1906 lx, 357 

0 W link, Hnschfeld and W Oslei 

7 Tins term was suggested by Hnschfeld 

S Ilei nngliam But Med Joui , May 9, 190S, i, 1096 

9 Cuffer and Solliei Rev de Med, Pans, 1S89, xxn, 825 
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In 1899, Rendu and Widal 10 reported the ease of a policeman with 
enlarged spleen, marked cyanosis and polycythemia At autopsy the 
heart was found to be normal, but the spleen was tuberculous and con- 
tained large caseous areas The bone marrow contained nucleated red 
cells pointing to over-activity Rendu and Widal concluded that the 
disease was due to primary tuberculosis of the spleen, which conclusion 
has not, however, been sustamed by subsequent investigation 

At about the same time two cases were reported by Cabot, 11 one by 
Commotti 12 and one by McKeen 13 

Erythremia was first lef erred to as a clinical entity m co nn ection 
with a case reported by Saundby and Russell, 14 m 1903 It was not, 
however, until the appearance of Osier’s papers, 15 m 1903 and 1904, that 
the condition was brought prominently before the piofession m this 
country and its existence established 

During the five years which have elapsed since the appeal ance of 
Mackey’s thesis an mei easing number of cases have been lepoited 
annually One hundred and forty-nine appaiently unquestionable cases 
aie now on record, which number would undoubtedly be considerably 
augmented were all the facts known m connection with the thirty addi- 
tional cases which have been included in the questionable list m the 
summary at the end of this aitiele 

ETIOLOGY 

The cause of the disease is unknown Rendu and Widal 10 attubuted 
it to primary splenic tuberculosis and considered that the diminished 
function of the organ caused increased erythroblastic activity of the 
bone marrow 

Collet and Gallavardin, 10 m 1901, repoited a case of "massive 
piimary tuberculosis of the spleen,” m which the blood-cells ueie not 
counted, but in which the general physical featuies of the blood were 
similar to cases of erythiemia 

Vaquez,' 17 m 1899, Turk, 18 m 1902 and Osier, 19 in 1903, stated their 
belief that the disease was not due to splenic tuberculosis, but that, on 

10 Rendu and Widal Bull Med Soc d hop , 1899, m, ser , page 52S 

11 Cabot Boston Med and Surg Joui , March 15, 1900, c\ln, 275, and Dec 
7, 1899 c\li, 574 

12 Commotti Wien klm Wclmschr, 1900, \m, No 39, p S81 

13 McKeen Boston Med ard Surg Joui , June 20, 1901, c\liv, 010 

14 Saundbv and Russell Lancet, London, 1902, i 515 Brit Med Jour, 1907, 
i, 1105 

15 Osier Am Jour Med Sc , Philo , 1903, N S , cwn, 187-201 Brit Med 
Jour 1904, i, 121 

10 Collet and Gallninrdm Arch de mCd e^per et d’anat path , 1901, \in 191 

17 Vaquer “Hvperglohulie et Splenomegalie,” Bull Soc mC*d d hOp , Paris, 
Tune 10 1S99, p 579 

IS Turk Wien Ges f inn Med, 1902 

19 Osier Jour Med Sc Phila , 1903, N S cvxvi 187 201 
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the other hand, it was due to a pnmaiy hypeiplasia of the eiythroblastic 
bone manow 

According to Weber, 20 objection to the view that the excessive foima- 
tion of red cells m the bone marrow is the primary condition m ery- 
thremia has been niged by Lommel, Bence and others In several cases 
of (clinically) splenomegalic polycythemia (erythremia) evidence of 
local 01 geneial blood stasis has been fonnd suggesting that the poly- 
cythemia was secondary Bence states that the polycythemia m the 
splenomegalic type can be diminished by oxygen inhalation, but Stern 
and others obtained negative results by this method 

As having a possible bearing on the etiology of the condition, Weber 20 
suggests that it may be considered analogous to leukemia, or as a result 
of a reversion to, or persistence of, fetal and early life conditions m 
which the bone-marrow is led and still actively engaged m the formation 
of red cells 

Nervous excitement, mental woiry, toxemia originating m the spleen, 
lungs or alimentary canal, and compensatory reaction towards some 
hypothetical disturbance m the gas exchanging functions of the blood 
have all been suggested as possible causes of the disease 21 

Reckzeh, 22 reporting a case of polycythemia occurring m a male of 
24, m which there was progressive compiession of the superior vena cava 
by a malignant tumor of the thymus, was inclined to consider stagnation 
of the blood, fiom vanous causes, as the sole cause of erythremia, but 
Osier 23 does not consider his reasons or experiments convincing, and 
Behr 24 says, “The view that the increase of red cells and the general 
cyanosis are the result of a simple stasis appears rather forced if we 
consider that, while such cases of acquired stasis are fiequent, yet such 
cases accompanied by polycythemia aie extremely raie ” 

Anders’ 25 case led him to consider defective venous tone as playing an 
important lole m the pathogenesis 

A theoiy, which has the suppoit of MetchmkoiS, assumes that some 
toxin of a hemolytic nature is manufactured by the enlarged spleen and 
is absorbed into the circulating blood in minute quantities, not sufficient 
to cause hemolysis, but sufficient to excite leaction m the blood-forming 
organs Belonovsky, 20 by injecting minute doses of hemolytic serum 
into the blood of anemic individuals succeeded not onty m raising the 
number of red corpuscles, but also the amount of hemoglobin 

20 Webei Quart Jour Med , Oxford, January, 190S, n, S5 

21 Allbutt and Rolleston’s System of Medicine, 1909, v, S31 

22 Reekzeli Ztsclir f klm Med , 1905, lvn, 215 

23 Osier Modern Medicine, 1908, it, 678 

24 Bebr Klm Monacsbl f Augenh , 1911, xhx, 672 

25 Anders Am Jour Med Sc, 1907, N S cxxxm, 829 

26 Belonoisky Sui l’Influence de Fmjection de diverses doses de serum 
hemolvtique sui le nombre des elements du sang, St Peteisburg, 1902 
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The blood has been examined m several cases for methemoglobm and 
sulphhemoglobm with negative results 

Age The disease is compaiatively uncommon m early life, onty 12 
pei cent of the patients being under the age of 30, while 64 pei cent 
occurred between the ages of 40 and 60 

The two youngest patients were girls, aged 17, one being repoited by 
Chace (Case 58 in summary) and the other by Sandesky (Case 67), and 
Reissmann (Case 94) and Hann (Case 108) each reported a case occui- 
rmg in a girl of 18 It is tiue that Gumon, Eist and Simon (Case 152) 
reported the case of a gnl of 10 years with polycythemia, C} r anosis and 
splenomegaly, but m the case m question there was chronic jaundice and 
the polycythemia and cyanosis were tiansitory, it cannot, therefoie, be 
regarded as a case of erythremia 


At the other extieme of life is the case of a 
McQuitty (Case 102) 

female of 68 reported by 

The cases 27 were divided with respect to age 

as follows 

Per cent 

Second decade 

4 

Third decade 

S 

Fourth decade • 

18 

Fifth decade 

37 

Sixth decade 

27 

Seventh decade 

C 


Sex Sex has no noteworthy healing, although the piopoition of 
male to female patients is about two to one In the 140 cases in which 
the sex is stated, eighty-nine occuried m males and fifty-one m females 
Occupation Has no particular bearing beyond the probability that 
an active life was led by the majority of the patients, judging from those 
ca s es m which the occupation is stated 

Race As the nativity is given in but twenty cases, no satisfactoiy 
conclusions can be drawn as to the influence of race on the occunence of 
erythremia In the twenty cases m question ten of the patients veie 
Hebrews, three natives of the "United States, two each English and 
German, and one each Irish, Dutch and Polish Of the remaining 329 
cases sixty-six were reported m German publications, thnteen in the 
United States, seven m Italy, five m France, four m Hungaij and one 
each in the Philippine Islands and Australia 

symptoms 

Erythremia is charactenzed by marked, peisistent and absolute 
increase of the red blood corpuscles , marked increase m the viscosity and 
total volume of the blood, excessive erythroblastic activity of the bone- 

27 All statistics gnen in tins article refer onlj to tlie 149 cases m 1 allies A 
15, C and D of summnrj appended, the tlnrta doubtful cases in Table E not being 
taken into account • 
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marrow, and, usually, by characteristic changes m the eye-gronnds, 
cyanosis and enlargement of the spleen 

Weber 20 suggests that the sequence of events is probably as follows * 

1 Inci eased erythroblastic activity m the bone-marrow 

2 Increased viscosity of the blood resulting from this polycythemia. 

3 Dilatation of the small blood-vessels so as to lessen the resistance 
to the abnormally viscid blood 

4 Artenal hypertonia as a lesult of the gieat strain thrown on the 
cnculatory mechanism 

5 Cyanosis when it occurs, is piobably due to the inadequacy of the 
senes of compensatory changes which precede it 

The physician's advice is usually sought on account of (1) the 
abnormal color of the skm and mucous membianes (present m 83 per 
cent of cases), (2) the symptoms of cerebial congestion, such as head- 
aches (present m 31 per cent of cases), and vertigo (34 5 per cent of 
cases), (3) dyspnea (19 5 per cent of cases), and (4) lassitude and 
weakness (19 5 per cent of cases) 

Twenty-three per cent of the patients complained of hemorrhages, 
19 per cent of pam m the left hypocliondrium and 14 per cent of loss 
of flesh 

Occasional symptoms were constipation, vomiting, indigestion and 
palpitation, each m about 10 pei cent of the cases , swelling of the limbs, 
cough, edema and clubbed fingers, each m about 6 per cent of cases , and 
disturbed menses, tinnitus aurium, anorexia, fulness of head, sweating 
and diarrhea, each m about 4 per cent 

Cyanosis In 75 per cent of the cases summarized by me in the 
tables at the end of this aiticle distmct cyanosis was present, and m 
about 8 per cent of the cases it is stated that the patient, while not dis- 
tinctly cyanosed, was “very red,” “florid,” “face congested,” “plethoric,” 
etc , so that m 83 per cent of the cases theie was some intensification of 
the color of the skm 

Cyanosis was absent oi not reported m 17 per cent of the cases 

It was one of the first symptoms m 15 per cent of the patients 

The cyanosis may be general, but is usually more marked m the face 
and hands The tongue is nearly always a characteristic bluish red color 
the patient may be deeply cyanosed, moderately cyanosed, or theie may 
be meiely a florid appearance with great dilatation and engoigement of 
the superficial vessels The most common condition appears to be a 
distinct cyanosis of the face, more marked m the nose, ears, cheeks and 
lips, duskiness or deep redness of the tongue and mucous membranes; 
and moic or less discoloration of the hands Prom this it will be obsen ed 
that the ey anosis is most common m the exposed portions of the bod) . 
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Discoloration of the feet was reported m two cases (5 and 124) and of 
the trunk m two cases (20 and 69) 

Exposuie to cold and mental excitement seems to intensify the 
cyanosis, while a warm loom may cause the blue color to give place to 
red The symptoms seem to subside somewhat in s um mer (Case 12) 

In a numbei of cases the patient presented a striking appearance 
One of Osier’s patients (Case 10) was known as "the blue baby” Al drich 
and Crummer’s patient (Case 47) was called "the red Indian woman” 
Othei autliois spoke of the cyanosis as "extreme,” "intense,” "startling,” 
"lemarkable” and "extraordinary” 

Skm, Mucous Membranes, Etc Vascular engorgement is usually 
noted m the buccal and phaiyngeal mucous membranes, conjunctivae and 
the interior of the eye and frequently m the superficial vessels In 25 
pei cent of the cases the veins aTe described as being distended and the 
conjunctivae was leported injected m 19 per cent 

In 3 per cent of the cases slight pigmentation of the slan is reported 
Carbuncle, erythema, bronzing, psonasis and iachc ceiebiale weie each 
reported m one case 

Osier drew attention to the fact that a white line could be pioduced 
by cutaneous irritation, a sign which some Erench writers supposed to 
be connected with functional insufficiency of the suprarenals 

Dermatographia and erythromelalgic symptoms have been reported 
m a few eases 

Lungs Usually eithei no mention is made of the lungs or they are 
reported as being normal Dvspnea, however, is recorded m 19 5 per 
cent of the cases, some degree of emphysema in 8 per cent and cough 
m 6 per cent Asthmatic attacks were reported in three cases and exces- 
sne expectoration m two cases 

Heart and Circulatory System In only a very few cases was the 
cardiac involvement woi thy of consideration No mention was made of 
the organ m 28 per cent of the reports, 30 per cent report the heait 
normal, 27 per cent state that the heart was somewhat enlarged, and 15 
per cent call attention to very slight cardiac irregularities If, then, a 
normal heart be assumed in the 28 per cent of cases m which the organ 
is not refened to, 58 per cent of the patients were without demonstrable ^ 
heart abnormality 

Palpitation was reported m 10 per cent of the cases, tachycardia m 
four cases and in one case (94) a pulse-iate of 160 

With reference to disturbances in circulation, the feet and legs were 
blue, swollen and painful m 9 per cent of the cases, edema and clubbing 
of fingers and toes each occurred m 5 per cent, arteriosclerosis, varicose 
veins, tlirombosi 0 , gangrene, hemorrhoids and mcurvated nails each m 
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3 per cent , phlebitis m two cases , cold extremities m one case Anemia 
preceded one case 

Hemorrhages Hemoirhage seems to have been a very prominent 
symptom, occurring m about one-fonrth of all cases, as follows 



Cases 

Epistaxis 

m 

10 

Gums swollen and bleeding 

m 

12 

Ceiebral hemorrhage 

m 

3 

Hematemesis 

m 

6 

Hemoptysis 

m 

2 

Helena 

m 

5 

Hematuria 

m 

2 

Menorrhagia 

m 

2 

Mucous hemorrhage 

m 

1 

Miscan lage and severe hemorrhage with relief 

m 

1 

Prolonged hemorrhage after extraction of teeth 

m 

1 


Epistaxis was very marked m one case (58) 

Blood-Pressure Unfortunately, the blood-pressure was repoited m 
only about 60 per cent of the cases In sixty-six leports of cases m which 
the blood-pressure was taken, twenty-one gave the systolic pressure as 
below 140, while forty-five reported pressures ranging from 145 to 310, 
as follows 

Cases 


Blood pressure 145 to 170 23 

Blood-piessure 180 to 200 13 

Blood-pressuie 210, 235, 240 and 310, each one case 4 

Blood-pressure 220 3 

Blood-pressure 200 2 


It is interesting to note that m eight cases m which the authors 
leport an absence of splenic enlargement the systolic blood-pressure was 
comparatively low — 110 to 130 in five cases, 140 m one and 150 in two — 
whereas m twenty cases making no mention of the spleen (from which 
it may be assumed that the organ was not enlarged) the blood-pressure 
appears to have been uniformly high, ranging from 150 to 210 m 
fouiteen eases and in six cases (Cases 130, 132, 135, 138, 139 and 142) 
being repoited as from 220 to 310 Prom this it would appear that, 
notwithstanding the comparatively low pressure m the eight cases 
refeired to, the blood-pressure is usually above normal m cases showing 
no splenomegaly (Geisbock’s polycythemia hypertomca) 

On the other hand, m thirty-eight cases reporting a distinct splenic 
enlargement, the blood-pressure was below 150 m twenty cases and only 
exceeded 200 m two cases (82 and 145) 

Spleen Some enlargement of the spleen was present m about three- 
fourths of the patients The organ was not mentioned m 18 per cent 
and was not enlarged m 8 per cent 

In the 110 cases m which splenomegaly was reported, forty-six 
reported marked enlargement, fifty-four slight enlargement as determined 
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by palpation, seven cases “percussion enlargement” and m three eases 
enlargement was found at autopsy 

Of the forty-six eases m winch tlieie was marked splenic enlargement, 
twenty-one cases leported the spleen as reaching to the level of the 
umbilicus and nine as leaching to 01 below the iliac crest 

It is worthy of note that m one case (120) an accessory spleen was 
found on exploratoiy incision and m anothei case (81), what was 
thought to be a supernumerary spleen was palpated b> the examiner 
Liver The liver did not show any mciease m size m the majority of 
the cases, about a third of the patients presented a slight enlargement of 
the liver, but not to the extent seen m the spleen A tremendous enlarge- 
ment of the livei was present 'm one case (90), and a maiked enlarge- 
ment m six other cases 

Gf astro-intestinal System In about half of the patients theie was 
distuibanee of the gastio-mtestmal system Vomiting was present m 
12 pel cent of the eases, constipation in 11 per cent, indigestion m 9 
per cent, diarrhea m 4 per cent, anorexia, jaundice, nausea and thirst 
each m 3 per cent , and stomatitis, hiccough, eructations and ascites each 
m one case 

Temperature The tempeiatuie, as a mle, is not affected Pever 
was leported m but five cases and subnoimal temperature m but three 
cases 

Generative Oigans Theie w r as disturbed menstruation m seven 
cases, prolapse of the uterus m two cases, atiophy of the uterus m one 
case and in one case (105) the general condition was worse before com- 
mencing of menstruation and after the menopause 

Pam In over a third of the cases the patient complained of pam m 
some form, headache being the most constant, occwmng m 31 per cent 
of all cases Pam m the left hypochondnum was complained of in 19 
pel cent , m many cases both headache and pam m the left hypochon- 
dri um being present Pam m the chest was present m foui cases, pam 
m the right hypochondnum and tenderness ovei the bones each m thiee 
cases, cramps m the legs in two cases, and neuritis, neuralgia, precoidial 
pam, lumbai pam, pam m the stomach, pam m fingers and toes, shooting 
pains m the hands, pam between the shoulders and pains m the joints 
each m one case 

Nervous System The nervous system appeals to have been affected 
m many cases The following sjmiptoms have been repoited Tinnitus 
ann um (in 5 per cent), apprehension, nervousness, excitability, dehi- 
lum, irritability; hypochondriasis, disturbed mentality, insanity, insom- 
nia, minus knee-jerks, muscular atrophy, numbness ehoieifoim attacks, 
epileptiform attacks muscular twitching, shivering, tremoi, paralysis. 
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hemiplegia, aphasia, disturbed speech, paraphasia, “heat m head,” “lin 
in throat,” fainting, loss of consciousness, syncopal sensations withe 
loss of consciousness, etc 

Eyes The eye condition m cases of erythremia is especially no 
worthy and a careful ophthalmoscopic examination should be made 
The impoitance of such an examination does not appear to have be 
appreciated by most of the authois, the eye being mentioned m 01 
forty-four cases (30 pel cent), and an ophthalmoscopic exammati 
having been made m only twenty-six cases (18 per cent ) 

White, m reporting a case (Case 119), says “Judging from 1 
appearance of the fundus oculi, I should say that the condition woi 
always be easy to lecognize ” 

According to Holloway, 28 on the other hand, the fundus picture 
eiythremia cannot be distinguished from the changes produced by cc 
genital heart disease with cyanosis, except that, m his opinion, the ec 
genital cases as a gioup would tend to show more extensive mtraocu 
changes than would cases of erythremia 
Behr, m wntmg on this point, says 24 

It must be of great importance foi the conception of the symptom-picture 
we can establish the specificity of the disease by some special symptom which 
only found m primaiy eiytluocytosis but never m simple chronic stasis witlu 
polycythemia By its establishment m the so called secondary cases we can tl 
lemove the principal diffeienee between the idiopathic and symptomatic erythro 
toses Such a symptom we possess m the characteristic changes m the funt 
of the eye 

Disturbances of vision were reported m thirteen cases, Hutchins 
and Millei’s patient (Case 34) becoming quite blind, although nothi 
was found m the optic disks be} r ond a slight hyperemia and engorgeme 
The conjunctiva is usually injected and m those cases m which 
ophthalmoscopic examination was made the letmal veins aie alnn 
universally reported as bemg dark colored and dilated and frequen 
tortuous 

Parker and Slocum’s patient (Case 78) had blurring of vision a 
occasional diplopia, the veins of the fundus were markedly tortuous a 
dilated and the retina edematous and deeper red than normal 

The same authors leported a second patient (Case 79) entering t 
ophthalmologic clinic complaining of severe frontal headache, bluiri 
of vision and diplopia Examination revealed vision O/D 6/7 5, 0, 
6/9, letma hyperemic, veins much engorged, tortuous and daik m coh 
Hall’s patient (Case 86) was carefully examined by Jackson 29 on 
numbei of occasions durmg a period of two years, the results being : 
f oi th m detail in an excellent article accompanied by a plate showi 
the appearance of the fundus oculi This patient when first seen 

2S Holloway Hew York Med Jour , Jan 13, 1912, xcv, G9 
-9 Jackson Ophthalmology, Milwaukee, 1907 iv, Ho 1 
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Jackson showed an indefinite blurring of vision, epiphora, dilatation of 
the retinal veins, decreased vision unimproved by any lens, and a slight 
rotaiy nystagmus Later the pupils became unequal and the vision still 
less and the sinus of the left nerve became markedly larger and distmctlv 
bluish towards the periphery The appearance was, Jackson says, “dis- 
tinct from anything I have ever seen ” 

There was a “considerable blun mg of the optic disks, obviously due 
to edema," m the patient repoited by Eussell (Case 99) The light 
disk showed enlarged and tortuous veins and the arteries were also 
enlarged The outer part of the disk showed a remarkable group of small 
arterioles and enlarged vessels were scattered about the retina In ear the 
macula was a small patch of pigment, “the result of former chonoiditis ’’ 
The left disk showed a similar appearance to a lesser degree 

Hemorrhagic glaucoma was leported m one of Geisbock’s patients 
(129) 

Double optic neuritis was present m three cases (14, 30, 124) 

Choked Disk It will be observed from the foregoing that optic dis- 
turbance was present m a number of cases In only two instances, 
however' — Pfeiffer’s case (101) and the author’s fust case (124) — has 
choked disk been observed Belli, 24 m a paper published m 1911, goes 
very fully into the eye condition in Pfeiffer’s patient and says 

In the characteristic changes m the fundus we possess a special symptom of 
marked diagnostic value, and it is to be legietted that only m a very small frac- 
tion of the cases reported was the eye examined All of the cases reported agree 
that the veins are much dilated and serpentine and dark colored The artenes are 
either normal, or m rare cases also dilated and daikei than normal Frequently 
the retina is livid blue As a rule the margin of the papilla is distinct, larely 
indistinct and never with bulging of the papilla itself That the blood vessels of 
the conjunctiva are affected is clear 

Dr William T Shoemaker of the Pennsylvania Hospital, Philadel- 
phia, made a very careful examination of the eye giounds m the author s 
first case (124) and exhibited the patient before the eye section at the 
College of Physicians I am indebted to Dr Shoeniakei for pei mission 
to quote from his report as follows 

Special interest from an ophthalmic standpoint lies m the violent changes in 
the optic nerve, retina and blood vessels These changes are those of typical inflam 
matory choked disk, identical, it would seem, with those frequently seen with mtra 
cranial disturbance 

Carl Behr, 2 ' m a most important communication on this subject last year, 
including a case with microscopic examination, says that his ease of polycythemia 
was the first observed with typical choked disk, and while referring to a number 
of cases of cyanosis m which optic neuritis, blurring of the disk margins, etc, 
were noted (Hirsehberg, Posey, Harms), he is inclined to think that the changes 
m these cases were not inflammatory but were due to edema, and, in the absence 
of swelling, represented perhaps the beginning stage of the more pronounced con 
dition 
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The retinal changes winch Behr demonstrated from his case are enlargement 
of the veins with no other alteration m the vessel walls than loss of elasticity 
and thinning The retinal capillaries showed general distention and irregularity 
with fusiform dilatations All of the veins were filled with red cells, but Sehlemm’s 
canal, on the other hand, showed no enlaigement and contained but a limited num- 
ber of red cells Theie was a geneial round cell infiltration The chonoidal ves- 
sels were greatly distended and m pronounced cases the sclera may be of a decided 
bluish coloi 

Whethei or not the case shows simple edema around the nerve head 01 pro- 
nounced choked disk, as m Behr’s ease (No 101) or m the case which I show 
(No 124) depends, accoidmg to Behr, entirely on the equilibrium maintained 
m the eyes between the fluid thrown fiom the blood into the tissues and those 
earned off through the ordinal y lymph channels 

The choked disk m polycythemia, Behr concludes, originates solely from local 
edema of the papilla and the peripheral end of the optic nerve, and, he states, 
this choked disk is m no way different ophthalmoscopieally and microscopically 
from that of mtiaeiamal origin 

Swan 30 claims that one of the piomment symptoms of polycythemia 
is exophthalmos In the cases covered by my summary, however, this 
symptom was reported m only two instances (Cases 78 and 94) 

Urine In a ma 3 ority of the eases the urine showed a small amount 
of albumin and not infrequently tube casts In fifty-two cases the urine 
is not mentioned, m sixteen it was negative or normal, m eighty cases 
it presented abnormal features as follows 

Cases 


Trace of albumin 61 

Marked albuminm ia S 

lube casts 29 

Excess of urobilin 7 

Excess of indican 6 

Chiomc nephritis 4 

Sugai 2 

Blood 2 

Red cells 2 

Polyuria 2 

Oligiuia 1 


In addition to the above, urochrome, diacetic acid, acetone, much 
chromogen, excess of uric acid, leukocytes, diazo reaction (Case 64) 
eight times tbe normal amount of iron (Case 113) and a specific gravity 
of 1,040 were each reported m one case 

Glandular System The glandular system appears to have been 
affected m only six cases The submaxillary glands were enlarged m one 
case, the mediastinal glands m one case (124) and the thyroid gland m 
four cases (25, 31 63 and 102) 


BLOOD 

Red Cells The most important and constant feature of eiythienna 
is the uniform, absolute and persistent increase m the number of erytln o~ 
cytes m the circulating blood This increase vanes markedly m differ- 
ent patients and m the same patient at different times 

30 Swan Internat Clinics, Philadelphia, 1907, iv, 114 
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In the vast majority of cases the number of red cells reported ranges 
between six and eleven million, an average of twenty cases being reported 
m ea °h mciease of a million cells from six to eleven millions That is, 
twenty cases leported fiom six to seven millions, twenty cases from 
seven to eight millions, etc 

The highest lecorded counts occurred m Seufert’s two cases (63 and 
64), which showed 15 000,000 and 15,500,000, respectively Koester’s 
case (Case 40) showed 13,060,000, and m Gibson and Watson-Wemyss’s 
case (Case 111), 13,250,000 cells were present at one time Thompson’s 
case (61) exhibited 13,000,000, Myer’s case (81) 12,880,000, Englebaeli 
and Brown’s case (38) 12 584,000 Reekzeh’s patient (Case 28) had 
12,500,000 led cells, Miller’s patient (Case 110) 12,010,000 and four 
cases (3, 56, 65 and 148) reported counts of 12,000,000, making m all 
thirteen cases m which counts of twelve million or over occurred 

These higliei counts aie particularly intei estmg when one consideis 
Weber’s 20 statement that samples of blood showing ten million red cells 
per cubic centimeter, with coagulation prevented placed m a cylindrical 
glass, show a corpuscular sediment of over nine-tenths of the whole 
column, the plasma forming only a thin layer on the surface, whereas 
noimallv cells and plasma aie about equal 

Hemoglobin Notwithstanding the high eiythiocyte count, the hem- 
oglobin peicentage m most cases was estimated as quite low It seems 
piobable that the hemoglobin is undei estimated m many cases, as m 
some instances the statement is made by the author that the estimated 
pel cent "is the limit of the scale ” 

In 111 cases m which the hemoglobin peicentage was reported all 
but four stated the percentage to be 100 or over These foui cases 
repoited 80, 85 and 95 per cent Sixty-eight cases reported percentages 
ranging between 100 and 150 and thirty-one cases percentages between 
155 and 200 One case reported a percentage of 240 (Case 68) 

Color Index I have estimated the coloi index m seventy-nine eases, 
and, as was to be expected from the comparatively low hemoglobin pei- 
centage lepoited, found it to be between 0 45 and 100 m all but ten cases 
Of these ten cases six ranged from 1 02 to 1 20 and four from 1 31 to 
1 57 

Miciocjdes and Macrocytes Were lepoited m one case (47) 

Poilalocytes Present m three cases (28, 33, 47) 

Degenerated Red Cells Repoited m two cases (78 and 79) 

Nucleated Red Cells Nucleated led cells weie present to a %er> 
limited extent m tuenty cases and to a marked degree m tiro cases (47, 

89), in one of these cases being mostly of the megaloblastic type A few 
megaloblasts neie aPo present m tlnee other cases (64, 77 and 79) 
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Polycluomasia A tendency of the red cells to stam a lightei 01 
darker bine, known as poly chi omasia, and said to be found m chionic 
anemia, 31 was present m three cases (Cases 33, 38 and 47) This con- 
dition is l egarded by Ehrlich as evidence of degeneration, but, on the 
other band, some authonties legaid such cells as lmmatuie and con- 
sequently significant of regeneiation 

Hemolysis Resistance to hemolysis was reported as slightly mci eased 
m one ease 

Coloi of Blood Is almost invariably daikei than normal 

Viscosity The viscosity of the blood is mvanably raised whenever 
the number of red cells per cc is much mci eased In one case it was 
stated as 10 43 (Case 110) Webei 20 found the viscosity of a citiated 
specimen of the venesection blood m two cases to be more than twice the 
noimal He says “Supposing the viscosity of noimal human blood to be 
5 1 to 5 3 (that is to say, 5 1 to 5 3 times that of watei), Lommel found 
the viscosity to be over 11 0 in two cases of polycythemia with splen- 
omegaly, Bence obtained figuies varying fiom 15 9 to 20 9, and Munzer 
m anothei case showed figures va lying between 12 0 and 23 0 according 
to the special form of viscosimeter which he employed In Low and 
Poppei’s case the viscosity was 10 4 and m Saundby’s case 9 4” 

Coagulation Time The blood m eiythremia undoubtedly coagulates 
much more quickly than normal blood 32 In ten cases m which the coag- 
ulation time is stated, four (63, 64, 78 and 94) reported coagulation m 
one minute oi less, three (12, 38, 110) a coagulation time of less than 
four minutes, and three (60, 75, 81) coagulation m fiom six to ten and 
a half minutes 

Oxygen Capacity The oxygen capacity is stated m but foui cases, m 
one instance (35) being diminished, m another (61) being two and a 
half times noimal, m a third (60) being given as 1,480 c c with a blood 
volume of 4,765 cc, and m the fouith (110) as 3,375 cc with a blood 
volume of 10,200 e c 

Total Volume Aecoidmg to Webei 33 the normal individual is 
estimated to possess 4 6 c c of blood per 100 grams of body weight 
It is interesting to note that m the eight cases m which the total volume 
was estimated it veiy much exceeded the normal 

In Hutchison’s two cases (4S and 49) it was gieatly increased and m 
one of his cases reached “the extiaordmaiy figure of 10,750 c c , oi more 
than three times the normal volume foi a patient of same weight ” 

31 Butlei^ Diagnostics of Internal Medicine, 1608, p 617 

32 Noimally coagulation is said to occur m five minutes, although Cophn 
(Manual of Pathology, 1906, p 404) states that his personal observations indi- 
cate that a consideiablv longer time is usually required 

33 Webei Med Chir Tr London, 1905, lxxxvm, 191, and Tr Med Soc Lon- 
don, 1907, xxx, 369 
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In Millei’s case (60) it was 4,765 cc In Thompson’s case (61) it 
was two and a half to three times the normal In Aeland’s ease (50) 
the total volume of the blood by the carbon monoxid method was about 
two and a half times the normal 55 Weber’s ease (72) exhibited a total 
volume of 5,600 to 6,000 c c , while Miller’s second ease (110) showed 
a total volume of about 10,200 c e 

White, m reporting a case (119), states that the total volume was 
three times the normal for a man of his weight and calls attention to the 
fact that “the led cells being double the normal, the patient had six times 
the noimal numbei of red cells and foui times the normal hemoglobin 
Such blood must have nearly i eaehed a volume which would render cir- 
culation veiy difficult ’ The specific giavity m this case was given 
as 1,076 

Otoscopy The ei j’oscopy finding is given m but two cases, being 
about normal m one (72) and — 0 56° m the othei (42) 

Glycogen Eeaction In one case (73) the glycogen reaction was 
distinct but not marked 

Molecular Concentration Stated m one case (39) as — 0 56 

Leukocytes Assuming that, as Butler 31 states, the normal vanation 
of leukocytes m health is from five to ten thousand per cubic millimeter 
it appears that m 27 per cent of the patients there was a moderate 
leukocytosis (10,000 to 20,000) and m 15 per cent a distinct leukocy- 
tosis (over 20,000) 

In four cases the white cells are stated as less than 5,000, one case 
(31) reporting 1,080, which is probably a typographic error 

Differential The differential count usually shows some increase m 
the polynuclear cells, this increase being quite marked m three cases (30, 

81 116) McQuitty’s case (102), however, showed a marked decrease 
m the potynuclear cells and a marked increase m the lymphocytes 

The eosinophils weie markedly mci eased m two cases (25, 124), m 
one of which 20 per cent was reported, and showed some mciease m 
four other cases (18, 20, 41, 74) 

Basophils or Mast Cells These cells, which, as Butler 31 states, aie 
found m small numbers in normal blood and more often m leukemia and 
have as yet no significance, were reported m varying peicentages fiom 
0 5 to 4 per cent in tknteen cases 

Myelocytes Weie present m the cases (76, 77, 79, 90 and 99) m 
small numbers and m number aiound 4 per cent m three cases (47, 68 
and 144) Blumenthal’s ease (m doubtful list) showed 36 per cent 

OUTCOME OF OASES 

According to Osier, 23 Maquez and Quiserne believed that where the 
polycythemia reached six million it was fatally progressive 
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In thnty-one of the cases, or 21 pei cent , the patient died prior to 
the date of the report Three of these patients died as a result of 
splenectomy (Cases 4, 7 and 93), two from tuberculosis, one as a result of 
secondary hemorrhage following the lemoval of a uterine fibroid and 
two as a result of cerebral hemoirhage 

Tour of these patients passed into a comatose condition prior to death, 
three became paralyzed and others suffered variously prior to death from 
vomiting, diarrhea, aphasia, blindness, dyspnea, mediastinal pam, jaun- 
dice and hemorrhages from the stomach and intestines 

Thirteen cases were reported as showing no maiked improvement 
under treatment, while three patients (Cases 8, 21 and 22) were worse 
alter being under treatment over a period of from three to six years 
Two cases (21 and 80) developed thrombophlebitis and one of these 
patients also developed a pulmonary mfaiet 

Some impiovement was reported as having occurred m twenty-six 
cases In eight of these cases the authors state that the polycythemia 
mci eased simultaneously with the general improvement In only two 
cases (4.7 and 94) was marked improvement leported 

TREATMENT 

With the possible exception of the two eases lefened to m the previous 
paiagiaph, tieatment has been uniformly without permanent benefit 
Splenectomy In three cases in which the spleen was removed (4, 7, 
93) the patients died in fiom a few days to six weeks later In the fourth 
case (161) the patient died seventeen months later of tuberculosis 
Venesection Venesection is reported as having given temporary 
relief m seven cases It was performed nine times m two years m 
Chambei s patient (56) with marked relief on each occasion, but his 
patient was discharged ‘fin much the same condition as when she entered 
the hospital ” 

Venesection was without result m three cases, while in Tuch’s patient 
(27) there was temporary improvement under treatment by venesection 
and oxygen 

In my experience venesection has been at all times a helpful method 
of tieatment, but unfoitunately gave but temporary relief 

Oxj'gen Oxygen was used with some apparent relief m two cases 
(63 and 64) and was tried without benefit m two cases 

Arsenic Tuik (17), Tooth (103) and Miller (110) reported some 
improvement under arsenic and Levi’s patient (98) “left somewhat 
improved'’ after treatment by aTsemc combined with Boentgen rays 
Aisenic, on the other hand, aggiavated the symptoms m Watson-Wemyss’s 
case (112) and was without result in six other cases in which it was tried 
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Roentgen Ray While three cases (33, 47 and 111) showed benefit 
from the application of the Roentgen rays to ihe spleen. Case 47 being 
markedly benefited, this tieatment was unsuccessful m six cases 

Faradization Faradization to the spleen did not materially help 
Senator’s patient (76) and Mackey (Case 42) repozts that, while far- 
adization in combination with massage helped the leg weakness, it did 
not diminish the polycythemia, lessen the cyanosis oi pi event gradual 
enlargement of the livei and spleen 

Diet and Hygiene In Milchnei’s patient (113), m whose urine tkeie 
was eight times the noimal amount of iron, a diet containing a min imum 
of ferruginous material benefited the patient’s geneial condition Senatoi 
(76) by dietetic and hygienic tieatment appaiently benefited Ins patient 
at first but latei an albumm-pooi diet, with other treatment, was without 
much effect 

Sodium Nitnte Osier (Case 9), in referung to a patient who had 
suffered from headache for four years, states that the headaches weie 
cuied by the use of sodium nitute, but that the patient was under 
obseivation foi only a few months Anders (Case 43), m the ease of a 
female of 2o, says that the mtutes gave considerable temporary relief 
from the beginning 

Sodium Brormd Was used by Koester (40) for pam m splenic 
legion and headache with some apparent benefit 

General Nicola leports that under symptomatic treatment, tonics 
and elimmatives, his patient (Case 77) improved and the cyanosis 
almost disappeared, but the polycythemia was not affected by the treat- 
ment, nor by potassium lodid or r-ray 

Carlsbad treatment improved the geneial condition of Geisbock’s 
patient (Case 31) Inunctions of bmiodid of mercury over the spleen, 
m conjunction with large doses of quimn, resulted in diminution of the 
size of the spleen and subjective impiovement m Begg and Bullmoie’s 
case (33), although the polycythemia increased simultaneously with the 
improvement Bimodid of meicury was leported as being tiled without 
benefit m three other eases 

Tieatment Without Success Vanous othei therapeutic measuies, as 
follows, were tiled without especial benefit by diffeient authors 

Sahcidates, tomes, caftem, biomids sedatives, nitioglycenn lale- 
nanates, hydrastis, iron (two cases), dmietm, quimn (five cases), 
colonic irrigations (two cases), digitalis, sodium cacodylate, adienalm 
chlond (two cases) thyroid gland, vmegai (two cases) , potassium lochd 
(four eases) 

AUTOPSIES 

Autopsies were reported m twenty-three of the eases 
Anemic infarcts were piesent m the spleen m four ca=es and yellow 
nodules m three ea^es 
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Tlieie was cirrhosis of the liver m two eases 

The lungs showed the presence of emphysema in foui of the autopsies 
and contained infarcts m two instances There was bronchiectasis m one 
case, liydrothorax m one case; old tuberculosis m one case, and tuber- 
culosis of other viscera m one case 

Enlargement of the heart was reported in six autopsies, evidence of 
old heart disease m two and fibrous myocaidium m one 

There was evidence of erythropoietic activity of the bone manow m 
ten cases, m most instances the bone mairow being described as red and 
as having lost its fatty tissue On the other hand, Saundby and Eussell 
(Case 6) stated that the bone marrow m their case appeared normal 
macroscopically In one case Rosengart 34 found evidence of leukoblastie 
and erythroblastic hyperplasia m the liver and spleen 

Softening of the brain and cord was reported m four cases. 

DIAGNOSIS 

The presence ol polycythemia with cyanosis and enlargement of the 
spleen, and with symptoms of cerebral congestion, such as vertigo, sense 
of fulness of the head, etc , is suggestive of erythremia, particularly if 
the eye-grounds show the maiked change so often seen in this condition 
The absence of demonstrable splenic enlargement or of cyanosis, or 
even of both, does not necessarily negative the diagnosis Broadly speak- 
ing, m the light of oui present knowledge of the disease, erythremia 
should be borne m mmd in all cases of marked peisistent and absolute 
polycythemia of unknown ongm 

It should be remembered that the increase m the red cells must be 
absolute and persistent and the condition must not be confused with the 
“lelative” increase which is due to decrease m the plasma occurring m 
those diseases accompanied by a rapid removal of fluid from the tissues , 
e g , acute diarrhea, dysenteiy, cholera, etc Erythremia will be less 
likely to be confused with relative increase m the red cells if it is borne 
m mmd that m the former condition there is an absence of known cause 
of diminution in the total volume of the blood Furthermore, m eryth- 
lemia the patients are usually more congested m appearance and the 
increase in the number of red cells is persistent, whereas m relative 
polycythemia it is temporary In erythremia the total volume of blood 
is above the average, m relative polycythemia it is below the average 

It has been claimed that some degree of local lelative polycythemia 
may be induced by obstructing the venous return, the delay allowing a 
longer time for the blood to leave the vessels, and, according to "Weber, 32 
impeded cnculation may even give rise to geneial absolute polycythemia 

34 Rosengart Mitt a d Grenzgeb d Med u Clur , Jem, 1903, vi, 495 

35 Weber Proc Roy Soc Med , London, 1908-9 Chn Sec , p 24 
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Eiyth] eima must also be diffeientiated from “eiythrocytosis,” 01 
secondly absolute polycythemia, which condition may be regarded as a 
compensatoiy leaetion of the organism lesultmg from some interference 
with oxygenation 

Erythroeytosis is typically seen m congenital lieait disease and paitic- 
nlaily m congenital pulmonary stenosis, also in chionic diseases of the 
heart and lungs and m certain individuals residing m high altitudes 
(Toussy reporting 8,500,000 red cells pei cubic millimeter) It lias also 
been reported as a result of chronic acetamiid poisoning (Stengel and 
White 80 ) and m chronic sulphonal poisoning (Eells) (Case 166) 

Both erythroeytosis and eiythremia appear to be of myelogenous 
ongm, deficiency of oxygenation m the formei causing erythroblastic 
over-activity of the bone marrow, while m erythremia the increase m red 
cells is apparently the piimaiy condition the stimulating factor being 
unknown 

It is interesting to note that Weil, 37 in 1901, found red bone marrow 
m two eases of congenital pulmonary stenosis and congenital cyanosis, 
the normal fatty tissue having almost entirely disappeared, and that 
Mackey, m 1907, continued Weil's findings and pointed out that m a 
case of chrome cyanosis without polycythemia he had found not mal bone 
mairow 

It has been observed, according to Webei, 35 that there is an mci eased 
erythropoietic activity of the bone marrow m animals kept at a high 
altitude or m an artificially rarefied atmosphere The hemoglobin value 
as well as the number of red cells is increased and nucleated red cells 
appear m the circulating blood On the other hand, animals inhaling 
an excess of oxygen show a decrease m the number of erythrocytes 

The same author states that othei conditions which may give use to 
secondary polycythemia (erythroeytosis), by interfering with propel 
oxygenation, are (1) expenmental stenosis of the supenor and inferioi 
vena cava, (2) artificial compression of the thorax, (3) diminution of 
oxygen and increase of carbonic acid gas m the inspired an, (4) clinical 
or experimental stenosis of the trachea oi larynx, and (5) clinical oi 
experimental pneumothorax According to Weber, Kuhn, by Ins suction 
mask (periodical diminution of oxygen pressure m the lungs), was 
apparently able to produce a decided mciease of red cells m some 
individuals 

An increase in red cells is also seen at times m obesity, paralysis of 
an extremity ether anesthesia and phosphorus poisoning 

36 Stengel and White Unn Penn Wed Bull , PInH , 1002 3, 402, Jour 

Am Wed Assn , 1905, \1\, 243 

37 Weil Compt rend Soc de biol , Juno 29, moi hit, d" 
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PROGNOSIS 

Tlie disease seems to be progressively but slowly fatal It has 
extended m some instances ovei periods of fiom ten to fifteen years, but, 
with the possible exception of two eases (47 and 94), none of the patients 
so fai repoi ted have lecoveied 


SUMMARY 

In the piepaiation of the accompanying summary of cases lepoited 
m the medical liteiatuie, said cases have been tabulated as follows 

Class A — Sixty-nine cases presenting cyanosis and splenomegaly and m which 
the systolic blood-piessure did not exceed 150 

Class B — Fourteen cases piesentmg cyanosis and splenomegaly and m which 
the systolic blood-pressuie exceeded 150 

Class C — Forty-two cases with an absence of either cyanosis or splenomegaly 
and m which the systolic blood-pressure did not exceed 150 

Class D — Twenty-foui cases with an absence of either cyanosis or spleno- 
megaly and in which the systolic blood-piessuie eiceeded 150 
Class F — Thirty eases considered doubtful 

Class F — Ten cases the details of which were received too late for inclusion 
undei proper classification 

Making a total of one hundred and eighty-nine cases 

It is difficult, m the light of our present knowledge of the disease, 
to establish a haid and fast division between eases of polycythemia, 
probably secondaiy m form but of obscure origin, on the one hand, and 
unquestionable cases of pumary polycythemia, oi erythremia, on the 
othei It lias, theiefore, been the endeavor to include m the summary 
of cases all of those cases of so-called “polycythemia” m which the 
etiology of the condition presented a reasonable doubt 

Of the thirty cases included m Class E some appear to be identical 
with a case repoi ted by some other author and such cases are included m 
the doubtful list m ordei to avoid duplicating cases m Classes A to D 
Othei s piesent ceitam features of erythremia but sufficient details aie 
not given by the authois to permit of a definite classification Still others 
fail to piesent the essential features of erythremia It is quite probable 
that some of the cases included m the doubtful class would prove to be 
true instances of eiythremia had all the facts on which the authors based 
their diagnoses been set foith m their reports 

For puiposes of publication it has been neeessaiy to condense the case 
lcpoits as much as possible but it has been the aim not to omit anw 
essential features from the condensed leport 

In conclusion I nish to express my appreciation of the kindness of Dr Hobart 
A Hare m giving permission to report the two cases described herein, as well 
as for Ins suggestions and advice m the prepaiation of this aiticle I also wish to 
think Di E J G Beardsley for his encouragement and assistance m many wi}s. 

320 Hathaway Line Wynnewcod, Pa 
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Case No Ilistoiy Examination Blood Examination Outcome, 'JLieatment, Autopsy and 

and Autlioi * Remarks 

58 — Female, aged 17, school gal Except Skin veiy dusky, lips, tongue, gums Red cells 5,917,500 to 7,568,- No impiovement m hospital Potas- 

Cliacc foi measles m childhood, health has and conjunctivas blue Spleen one 000 Hemoglobin 110-112 sium lodid, oxygen inhalations, and 

always been good Has nevei men- and a half inches below costal mai- White cells 4,000 to 6,250 high colonic nrigations all without 
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VERRUGA PERUVIAN A AND ITS COMPARATIVE STUDY 
IN MAN AND THE APE 


HAROLD NEWTON COLE MD 

CLEVELAND, 0 


lhe fact that the Panama Canal is to he opened shortly calls oui 
attention to a disease that may be of more or less interest and importance 
to Americans m the next few years Even befoie the Spanish occupation 
of South America a peculiai sickness was endemic over a ceitain inland 
portion of Peru The Spaniards suffered terribly from its ravages, as 
have the natives since then, and the trouble is still present m this same 
region At the time of the building of the Oroya Railroad thiough this 
country m 1871, the workmen were afflicted greatly with a severe fevei 
termed Oroya fever, and from Verruga peruviana Clinicians finally 
began to have the feeling that the two diseases were one and the same, 
though m a different type, and m 1885 a young medical student, Daniel 
Carrion, allowed himself to be inoculated with the blood of a patient 
suffering from the lattei affection, and m thirty-nine dajs he was dead 
from a typical attack of Oroya fever 1 The heroic young man apparently 
settled all doubt as to the entity of the two diseases, though, as I will 
mention later, the question is once more undei discussion 

Thiough a peculiai happening the Berne Dermatology Clime had 
what was probably the only case of this trouble ever seen m Europe m 
the person of a Swiss mountain guide from Zeimatt In 1909, along 
with a companion, he assisted Miss Annie E Peck® m climbing Huas- 
caran Mountam m Peru Through misfortune on then way down they 
were foiced to stop twelve days on the ice fields, and his companion had 
lus hands and feet so badly swollen that the two guides were forced to 
remain some time m Peru before their return to Switzeiland 

About one week after his ai rival m Zermatt the patient began to 
notice fleeting symptoms of an uncomfortable feeling, followed by sueat- 
mg, when m a hot loom They only lasted five or ten minutes, and he 
was not aware of any temperatuie distuibanee A little later he noticed 
a small growth on his left leg and shortly afterwaids quite a few came 


*Erom the Dermatology Clinic m Berne, Switzerland (Director, Professor Dr 

1 For the histoiy, clinical symptoms, etc, of this interesting disease I Imjc 
drawn largely from the complete and well written monograph of Pro Ernesto 
Odriozola ,“La Maladie de Carrion ” on “La Verruga Peruviinnc Pans, Georges 

Chrr6 et C, Naud, 1S98 

2 Peck, Annie E Ha rper’s Monthly Magazine, January, 
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out on his face, aims and hands, and the patient on advice consulted 
Prof Jadassohn m the Berne Clinic lie had had no other symptoms, 
and on admittance to the hospital seemed to be peifectly well, except for 
the tumois I will not go into detail of what has been already described, 3 
but suffice it io say that thorough physical examination showed absolutely 
nothing pathological outside of the cutaneous growths The blood- 
picture was absolutely normal, the Wassermann reaction negative and 
the von Pnquet cutaneous test for tuberculosis and subcutaneous injec- 
tions of tuberculin m varying amounts up to 1 0 mg also showed nothing 
Some of the tumors were excised for histological examination and inocu- 
lation experiments, otlieis weie tieated with carbon dioxid snow, pyro- 
gallic ointment, tmctuie of 10 dm, etc, and m about three weeks it was 
impossible to prevail on the patient to lemam any longer m the hospital, 
as he was feeling perfectly well and the lesions had practically healed 
And since his departure occasional reports show that, outside of a few 
i heumatic symptoms, he has been quite well 

ETIOLOGY 

The mountain climbeis on then trip had just touched the edge of 
the \erruga temtory, but it was apparently enough to transmit the 
infection The disease is limited to an inland portion of Peru, from 28 
to GO kilometers fiom the seaboard The country is quite mountainous 
m character, varjmg m altitude from 400 to 3,000 meters Curiously 
enough, the piesent limits of the disease aie somewhat smallei than at 
the time of the Spanish occupation The valleys are deep and hot, while 
the streams are sluggish and many swamps abound Odnozola thinks 
tint the climate may have some etiological importance, while the water 
is blamed bv others Howevei, cases haie been known to occur m patients 
who June used nothing but potable water, and, moieover, m Apnl, 4 when 
the wntei recedes, the "verruga cases augment Isfo race, age or sex is 
‘'Paicd, and Odrio/ola says that the horses, mules, dogs, llamas, chickens, 
etc ha\c symptoms closelj allied to those of the human beings Cases 
haie been cited uheie the patients have staid but one-half an hour or an 
houi in the leriuga teintoiy and tlieie is at piesent a feeling that, as m 
limn, other tropical diseases, some insect maj haie something to do with 
ibe transmission of the disease The affection is moculable, though not 
contnmoiw, and it is appaiently transmissible by the placenta The meu- 
iution period nines from fifteen to forty da } «, or even longer In 
('•in ion * ce«e it ua* tuentvone dais, perhaps due to the fact that he was 
inoculated imraienousli . while m Jadassohn's patient it was at least 
M\t\ da\* Apparent}! one attack gnes nmnunih for the rest of life. 


P n T ' ,n AOn Vf>1 ru ? 1 pcruiiina, pelungene 
r. 7t cll 7 * 11 Infektion«Lr 1010 KM, 217 

J ' u ! 1 Ln ' rrni n <]tI IVrou Ln Pratique Dernntolopque, n, S3 2 



SYMPTOMS 

In the severe type of the afleetion, the so-called (hop fever, the 
disease is usually usheied m with a chill accompanied by a fever, aftei 
prodromal symptoms of headache, general malaise and pain m the joints 
and muscles The fevei may go up to 40 C (104 3? ), 01 even lughei, 
and is accompanied by nausea, vomiting, lapid anemia, sleeplessness' 
veitigo, hemonhages, coma and death The glands aie enlaiged and the 
liver and spleen engoiged If the termination be good, the temperatuie 
gradually falls and the symptoms lessen^ The fever is either lemittent, 
intermittent oi megulai m type and may accompany, precede oi follow 
the appearance of the cutaneous manifestations The pulse is fiequent, 
soft, compressible and, even with a temperature of normal, it mav be 120 
to 140, or even higliei Among the types of hemorihage, enterorrhagia 
is rare, and usually comes along towaids the termination of the disease, 
being an unfavorable piognostic sign Epistaxis is a veiy common symp- 
tom and petecluae aie fiequent Sweating is profuse, especially m the 
ferer of an intermittent type Edema of the toes and legs is generally 
found, though it is raiely geneialized except m the grave cases Nervous 
symptoms of veitigo, syncope, cephalalgia, delirium, insomnia and hic- 
cough aie sometimes seen 

Pneumonia, ententis, enteioeolitis and hemonhages aie among the 
complications most frequently encountered, though several cases of vei- 
luga meningitis have been reported Occasionally malaria and verruga 
are seen m the same patient at the same time 


ERUPTION 


The cutaneous eiuption is of two general types “mihaiie c ot tubei- 
culous, and “mulane” oi nodular Under the fiist a tubereulai, a sud- 
ammal, a vesicular and a pustular efflorescence are noted The eruption 
may he localized, geneialized, discrete oi confluent, and the favorite seats 
with the tubercular or “mihaiie” efflorescence are the anterior legions of 
the legs, extensoi sui faces of the forearms, antero-extensoi surfaces of 
the arms forehead, jaws, nose, eyebi ows, knees and elbows The raucous 
membranes of the eyes, mouth, digestive and gemto-urinaiy tiacts aie 
also frequently involved Moreover, verruga nodules have been found w 
the pentoneal coats spleen, liver, pancreas, kidneys, lungs, muscles, and 
central nervous system The "mulaue” or nodulai lesions aie subdermic, 
varying m size from a walnut to a small orange, and they may he sessile 


5 Prof Odnozola proposes to divide the disease into tiro types, accouhnp'ij 

the fever or as the cLeous turners predom.uhte ,n tt. on 

type he would call “Oroya fever” or “Fievrc de Ca>non, and the latt - V 

de Carrion ” — thus naming the disease after the „ 0( lular 

6 The words “mzhaire” meaning tubercular and mulaire mean „ 
have been taken over bodily from the Spanish In Prof Odnozola 
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01 pedunculated They aie new internal and are found on the eyelids, 
cheek-bones, lobules of the ears bridge of the nose and the knees 
Jadassohn's patient had examples of both the “miliatie” and the “Mul- 
atto” efflorescences — confined mostly to the face, arms and legs The 
conjunctiva of one eye w as affected, but otherwise the mucous membranes 
showed nothing The patient also showed a macular eruption resem- 
bling a lupus and thus fai not described m connection with verruga 
pci u\ iana 

PATHOLOGY AND BACTERIOLOGY 


In regai d to the pathology and bacteriology of the disease, much still 
icmams to be desncd. because of the marked differences m the findings 
of investigators The blood-pietuie is that of a lapid and maiked 
anemia Bassett-Smiih 7 found an abundance of nucleated red cells, and 
the erytbiocytes weie nregulai m their sue, shape and staining qualities 
Many basophilic gianulations weie seen and a few myelocytes were 
piesent The bone-mairow usually shows signs of proliferation The 
liver and spleen aie geneially engoiged and the lattei organ occasionally 
extends down to the iliac fossa It is soft and moie or less friable, while 
the hvci is slaty in eoloi, as m malana due to the destruction of red 
cells The lymphatic ganglia aie gieatly engorged, those of the mesen- 
teiy oeeasionall} leaching the size found m tubeiculous peritonitis and 
leukocythenua The ui me is merely febnle Histologically, Nieolle 8 found 
‘•mall nodules of epithelioid cells in the liver and lungs, but no caseation 
In the lymph-nodes he found tiue caseation in tlieir centers, but no giant 
eelk Somewhat analogous though moie maiked lesions were noted m 
the spleen DeYecclu 0 found early hemonhagie lesions m the spleen, 
lungs, In ei, mmcles and skin along with new tissue formation In the 
h\er iheie was a Aaeuoli/ation of the elements and compression of the 
cells by the widening of the vessels and by the formation of venuga 
nodule's Pigment clumps weie also noted and phagocytic leukocytes 
weie noted m both the Inei and spleen He found giant cells m both 
Ihe^e 01 gans and m the lungs tlieie weie appearances of new r tissue for- 
mation and small aieas of bronchopneumonia The cutaneous lesions 
haic been c tudiod by sc\cial men and it seems to be the consensus of 
opinion that thee are gianulomatous m type, made up of fibioblasts, 
mono- and poly moi phonucleai leukocytes, plasma and led cells The 
turnon aie \en vascular and later show signs of necrosis Acid-fast 
bacilli ha\c been found m the internal lesions by iSTcolle , 8 and also by 


7 Smith P \\ 'I he P.\thoIog\ of the Blood m Verruca 
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Letulle, 10 Escomel, 11 Giltner 12 and Izquieido, 13 while 311st lately an 
organism closely related to the paiatyphosus bacillus, type B, has been 
found by DeVecchi, 9 Baiton/* Biffi« and otheis Cell inclusion-bodies 
have also been reported 

DIAGNOSIS 

In diagnosis one must always keep malana m mind, for in fact the 
two diseases have been very fiequently confused, and they are occasion- 
and the blood-pictuie will seive to diffeientiate them Typhoid fever 
ally found together m the same patient However, the therapeutic test 
must also he ruled out In a patient having the cutaneous tumors as the 
predominant symptom it would also be necessary to think of neuro- 
fibromatosis (von Becklmghausen’s disease) The affection occurring 111 
a tropical country, framboesia and Bouton d’Onent would likewise hate 
to be considered m a differential diagnosis In the former, suitable 
examination for the specific spirochete would be sufficient, while m the 
latter there would be the history of painless ulcers on the exposed parts, m 
which proper examination would reveal the Leishmann-Donovan bodies 


PItOGNOSIS AND TREATMENT 


The prognosis of verruga should always be guarded, though the cases 
having the cutaneous tumors as their mam symptom usually do bettei 
than the ones with the high fever 

The treatment is symptomatic and apparently of little avail Qumm 
and the salicylates have been the drugs mostly relied on and it will be 
interesting to see what will be the effect of our new drugs, salvarsan and 
neosalvarsan Perhaps they will be as effectual as m framboesia, and 
their use is to be recommended — at least as an experiment Despite all 
treatment the cutaneous lesions usually last from four to six months, 
and even up to two yeais In the Berne case the giouths were piac- 
tically all gone m a space of three months 


9 DeVecchi, B Ueber die Vei ruga peruviana Aicli f Schiffs u Tiopenhyg, 
1909, Mil, part 4, 143 

10 Letulle Histological Study m Prof Odnozola’s monograph {Note 1) 

11 Escomel, E Anatomie pathologique du verrucome de Cainon Ann d 

derm et d svph , 1902, 111 , 961 , , r , 

12 Giltner, H A Verruca Peruana 01 Carrion’s Disease Jour Am Aled 

Assn, 1911, Ivu, 2074, Abslr, Munclien med Wchnschr, 1912, No 8, P/ 

13 Izqmerdo, V Spaltpilze bei der Verruga peiuviana Virchows Arcli f 

path Anat , 1884, xciv, 411 

14 Barton Quoted by DeVecchi (Note 9) 

15 Biffi y Carbajal Verruga peruviana und sclweres Fiebcr Cainon 
f Schiffs u Tropenhyg, 1908, Part I Quoted by DeVecchi (Note 9) 
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EXPERIMENTAL TRANSMISSION 

Outside of one expenment mentioned by Odnozola 1 on page 1Y5 of 
his book, no attempt has evei been made to transmit the disease to lower 
animals In this case a bitch was inoculated with the blood from a large 
venuga tumoi Later she had several growths on the paws and eais, 
deln ered tw r o dead pups and died The expenment was rather indefinite, 
and no autopsy was done In Jadassohn’s case several of the tumors were 
excised, giound up into a "6m” and many cultures made on different 
media, though m \ am Like success also attended experiments with 
labbits, guinea-pigs, doves, chickens, rats and a dog But m woikmg 
with apes Bie results were better The first animal ( Oercopvthecus 
salens) was mocakted on the eyebrows with some of the “hi ei” and m 
foity-five days several growths appeared which eventually reached the 
<u7e of small cherries One of these was excised for fuither transmission 
to a Rhesus, and m fouiteen days tumor growths were noted which finally 
leached a larger size than m the first animal Lesions from the second 
ape were successfully transmitted to still a third animal (a Rhesus), 
whole the incubation period was only seven days This ape died sud- 
denly, autopsy revealing nothing, so that further inoculations had to be 
made with the almost healed tumors fiom Ape 2, and they were unsuc- 
cessful, though done intravenously Rabbits, guinea-pigs, rats, white and 
gi a> mice, chickens and doves were also further experimented on, but m 
\am In all these apes the blood-pietuie was at all times normal, and 
neithei in them 1101 m the man was it possible to find m the blood or m 
the red cells of the tissue fluids any of the inclusion-bodies that have 
been leported by Basett-Smith, 7 Galli-Valerio, 10 DeYecchi 9 and others, 
though piaetically all known paiasite stains were used Moreover, m 
none of the apes did the autopsy show changes that could m any way 
have been due to Verruga peiuviana The cutaneous lesions from both 
the man and the apes showed the same characteristic histological picture, 
"Inch will be taken up more m detail m a later paper 17 Here it will be 
enough to say that the growths showed a marked vascular proliferation 
along with the presence of many free red blood-cells m the tissues Many 
mono- and polymorphonuclear leukocytes, plasma cells and fibroblasts 
weie noted m the tissues and peculiar lymph-vessels inclusion-areas, 
fhu= far impel fectly noted and described, were also seen By the use of 
no known tissue parasitic sham was it possible to find any of the acid 
fact bacilli, cell-inclusion parasites or other organisms that have been 
dc=ci ibed by different men Odnozola says he has made examinations m 
Mo types of patients In the first class, where there is a cutaneous 

n-, ■■ 4 
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eruption and no temperature, he has always had negative results In the 
second type, with eruption and temperature, he has alwajs found a small 
bacillus In such classes of patients Biffi, DeYecchi, Barton and others 
have also found an organism closely related to the paiatyphosus bacillus, 
Type B, and it may be that the negative lesults are due m this case to 
the fact that the patient, at least to our knowledge, at no time had any 
temperature 01 othei especial symptoms of the "Fievie gtave de Cm non ” 
Is it possible that Canion could have been inoculated fiom a Veiruga 
peruviana patient suffering also from a different disease, Oroya fevei or 
“F lev re giave de Carrion/’ and that he succumbed to the latter before 
the "Empiion de Cat non” had an oppoitunity to make its appearance ? 
This question and many others in regard to the advisability of sepaiatmg 
the affection into two clinical and distinct entities can only be solved by 
future study with large amounts of matenal at hand Howevei, I feel 
safe m making at least the following conclusions 

CONCLUSIONS 

1 In a case of Verruga peruviana, Eiuphon de Gan ion, there was 
success m inoculating the disease into apes to the third generation, 
further transmissions being hmdeied only fiom want of material 

2 The lesions from the man and the apes resembled each other veiy 
closely histologically, were granulomatous m type and had peculiai 
lymph-vessel inclusion-areas 

3 Hone of the organisms mentioned as specific for the disease weie 
found either m the lesions from the patient oi from the animals 
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